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[W*JJi2] 1fof*ffliJJ:y|iilc N ^fgfl^HSO^I U> 
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(2) 1. 2<f 12/y (fw • fT ) <2. 2 
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[0004] #;*74>ji^:£[Ri : &a?<?''5tf>u:«:*:a> 

[0 0 0 5] «ifilC* 5 Ht5*^7*T ? -i'»^ba^c7)3t 

^i*. mmmc « ytmmtfti * ? <k 5 s -f ^ e * l t 

T^^Rl^^S-rS^^CiJiLTlis ^¥1 1 
-1 94 2 7 4, ^ffi¥1 1 -2 8 7953. ^2 0 
0 0-9997 m<D*><Dti i & : ho vHx6«v %)i*ffliJ* s 6 

l\, Sfc. «t,!|4!lfr#JtDU>Xef«Rri&<!:-r^<!:s 
[0006] 

iLt±imm (u>x©ti:ytbLB#F^) *^<, i%7k- 

jt, iciiftv 'J^^•t^F^a, '>&imrmh. si^^tt« 
is si=£ -s x- u y x t *n*m ^ /tv^ntKftni 

[0 0 0 7] 

m@s<7>^i u>x?¥> fKomftJitt L&ismc& 



(I 



(3) 



^2003-302576 



mcu&t^m^^yxm^u Miami u>x# 

[0 0 0 8] *H^<Dt^ 1 O0X-/*UVXti> Wt 

mL&ismz®m?zm2\s>xm. mvmmjj&GL 

B$&l>'£^IWtfSK&I&T£m4U>Xi¥£WU buIB 
|g1 U>XPtt^^*/fUtttf*/c46cDS^)t^?* 

^[pj <h & 5 c t <t r * t> <DT & £o 
[0 0 0 9] feTFK. *5SI£lC*5l^T±i58i/j£fc<h53I 

[ooio] *n^£ox-/*u>x«^ «5)<*flij<tyiii 

^ic^i!)-r^m2 U>Xgfv IE<DJS#T7j£*fL£fgB5U: 

H-6±tfB*IB (U>X<D-a-UtiiLB#S) • 
WJBJb^ WJ^<fc 3 ic. mi U>X8«S18fl*BI££ 

ic, U>X&<D«fc%{*fliJT-£Sm 1 U>XS¥lcftS&:& 

[001 1] Liru *i u>xwu:3ia*»fy«»f* 

So 

[0 0 1 2] A. AMtt^S? < ft y » 7E*SO*-*&m 

1 UVXlSfcMars&UVXxU^vhtfSSKfllB* 
<fcU ttBftyfilfOJ^tttfiWaicttS. 

[0013] b. 7t*&ismm*m?z&2is>xm& 

SIMM* 3 U>XSWI$©^J«*<Ofi^*R?nU:jfi< £ 

y » Gibson y ic£fg*tffi < * 

[0 0 14] **\ ±IB©«ryft»fl«lt*tWc-3^T« 

ns-rs., &5izx-LM3.\z. m?ux&ww- 1 

0-62 6 8 7-¥>^?1 1 -2 5 8 5 0 7111^6*1 

*y» mi uvxw««*r*#«*xu/vKos^ 
it -r x««jB*4b u tttttf y icfiRft LSI < 

LtctfoT. SI l/VXSI*« WtmtP&M\Zs 

VDtemicam*ipHfrc$i*=xt)Xis>Xs tttt&fty 

[0 0 15] 

(1 ) 1 . 4< - f n/y (f W • f T ) <2. 4 



(2) 1. 2<f 12//" (f W ' fT > <2. 2 

(3) 0. 8<d/L<2. 0 

(4) 1. 55<n p ri 

tc/cU f nl*mi U>XSfOft^xX*7.b>X<7)^ 

^ffin. f 1 2« m 1 u > xmom u > x©«u58S8L f 
®^/Si®8t. cH*mi i,>xm<on*-x-hx\syx<» 

Wimft 6 IE U V Xa>«*flQiS £ T^lt K ft ^> T 3d o 
(B&SSfc) ©ftftfi* n p ri l*m 1 U>X8fCDttS8£»T 

y tttf stc«><z>ESt#5«?#xy Xkom&o a sgic 

[0016] Atttt*»< LTWBffryttifewittK 
pjtgic-rsici*. (i) , (2) mi u 

>xs¥roi35+t'f K^uyxxu^vKD/x'^-^eK-r 
*<z>#«fci\, ffi£tfm\c±mim : £n : ?ft2. 4, 2. 
2^M^.s<t, xs*n«3iit>$$T»y, &%mm<om 
ftzmuL^vt-Tzt. mi is>xm*mi$.?z>&K 

^xU^VhroS-^+t-fX^flB^bLs jtEWryflMftf 
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(cXffT««d« 13 1/>XH«WMIIC — 758T4U 
>XW*«HHK»»***C£?** OMBMMldft 
ft) . 

[0046] *LT» J-XTOSflcW^fr (1 2) » (1 
3) ^IJEtSiJ:^ 
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(12) 0. 20<-M3/M2<1. 50 

(13) 0. 1 '5<-M4 /M3 < 1 . 00 
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3 l<yXm<D®W)ms M 4 tt£fttS#5gSiifitCM** 
[0048] *ft (12) <D±IS(D1. 5 0^ix5 
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se< ft y r ?*t^k»t y * w* lis < ft 

xt^xffWMte Aft ^Kx^-xtf*^ < ft y 

[0 0 4 9] SfefF (1 3) ©±K©1. 0 0SSx5 

<h, *3U>XlNXtt0dri^4>fS*»B<&%#* ± 

7*-*xft©*s«»fl 5 **<fty^»'r<»*L 

<ftl\ TI8©0. 1 5£©;5L5<!:. £3 UVXSfJXK 
CD-&fig3S©±iSffla« ? M2 U>XP©^^6iSTf^ 
»A «fS»**HBTr*4i», JH3UVXWJfiW©£*** 

& sum<» isyxffimcmm&£. ciRM*iiE<DS«cft 

[0 0 5 0] ft*5> (1 2) , (1 3) 0>fQA#fe 

[00 5 1] 

(12) ' 0. 30<-M3/M2<1. 40 

(13) ' 0. 20<-M4/M3<0. 80 
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[0 0 5 2] 

(12) " 0. 40<-M 3 /M2<1. 3 0 

(13) " 0. 2 5<-M4 /M3 <0. 6 0 

UTO&ft (1 4) «3tfc?<Dtf£l\> 
[0 0 5 3] 

(14) 0. 1 0<D34W /f W <0. 70 
/c7cU D34W (iJTift^KfcttSlSISa^af^tOm 

[0054] d <D^#iC<DTK© 0 . 1 0£S8;t£<!:, 
Xaftm4U>Xi¥« i: F^L^-r^. ±PB<D0. 70S 

[0 0 5 5] fcfc, J.XT©J:'5^-r*<tJ:yj:l>o 
[0056] 

(14)' 0. 1 5<D34W /fW <0. 6 0 
[0 0 5 7] 

(14)" 0. 20<D34W /fw <0. 50 
— 35\ W4U>XW*»»LT7*— *xr*t% — flfi 
WlC*jSiR«il«**<MMl*«lRHC**. ISfc* 
>X»*?©5WN&Si|M6*»4 U>XgmtIEL/i:J§ 

Xi8»(DP5J3*lT®#lc##ffl<fcr*©#*l\ e 
iRS^flStctt&gSWBl^m 3 UVXPlcT«IE-r5tD 
#<J:l.'>fc& $3 U>Xmc«IEU>X<!:»UVXroffi 
$U>Xj«»* / >*< fcfe 1 -3^4* «fc9(c*"*£ 

x?*y» muvxxttsteuvx****"*. 

[0 0 5 8] $3 UVXSf©«fi8««fcy^«BtCxE / <S 

1) fcttflMPSIRUU IEU>X<!:ftb>X<Dffi-&U>X 

2) WmyfrSIHK, j^ffi«^®T»-5*U>X<!:iE 
UVXtft U>XOJg^U>X^<D 2 S¥ 3 *Jctc<fe^«| 

3) ttfflM&5Mtc. pf£ftttttflBttic#3EglB'?&SIE 
UVX<tft UVXcD&^UVXEEttfl)^© 1 Sf 24ftlcd: 

eosdicjcy. j»3uvx«f*«W8r*u>xxuy 

[0 0 5 9] *eic, c©ia^S3 UVXi¥rt©8!/?K 

*fXl) , 2) » 3) tC^LT^+l^'tUXTO&f* 
(15-1), (15-2). (15-3) OKMffilE 



[0060] 

(15-1) 1. 0 5<Rc 3 /RC1<3. 0 0 
(15-2) 0. 2 5<RC3/RC1<0. 7 5 
(15-3) 1. 2 0<RC3/RC1<3. 6 0 
fcf£U Rcil*S^UVX^tt<3®l»f*ffiiJ®©}W*±T 

Rc3l*J££U>XjiR#<Z>g£tfBffl<Z>ttia± 

[0061] iftSMft (1 5-1) , (15- 
2) , (15-3) <7>*n^*UD-tPg3. 00« 0. 7 
5. 3. 6 0=&S8*.5,»:> ^3^RM©«ffiiRS • 

flEowwBoaiJii^*^. *ti*n©TB©i. 0 5, 

0. 2 5, 1. 2 05i^t, £3MXM<£S£fl5JRM • 

[0 0 6 2] £33, JXT©<fc-5U:fS£<fcl><fcl<\» 
[006 3] 

(15-1)' 1. 1 5<RC3/RC1<2. 50 
(15-2) ' 0. 3 0<RC3/"RC1<0. 6 5 
(15-3)' 1. 4 0<RC3/RC1<3. 00 

[0064] 

(15-1) " 1. 2 5<RC3/RC1<2. 0 0 

(15-2)" 0. 3 5<RC3/RC1<0. 55 

(15-3) " 1. 6 0<RC3/RC1<2. 4 0 

sew*, fg3 uvx#rt<D«j$*i'Xi) , 2) . 

(16-1) 4 (17-1) , (16-2) t (17- 
2) , (1 6-3) t (1 7-3) &mrcT££l\ 
[0 0 6 5] 

(16-1) -0. 7<L/RC2<0. 1 

(17-1) 1 0< vqp- vqh 

(16-2) -0. 5<L/RC2<0. 3 

(17-2) 2 0<VQp-vc\i 

(16-3) -0. 9<L/RC2<~0. 1 

(17-3) 10<VCP-VCN 
ft/cU L &S : ?S®iSl?<DW$aS&^<D*tft« (m 
m) s Rc2»**3IxVXW©»*UVX«»©»^lH© 

fi8»<DiE U > Xtf)8lff d »S^T©7' >y v CM** 
13 U>Xgf©ffi^U>XfiK»<D»UyXcDjgSrodJg 

[0066] *tt (16-1) , (16-2), (16 
-3) OTHOf-tlfn- 0 . 7, -0. 5, -0. 9 
*Mx.%£. tt±6«* • «*fett«©*liEtcW:**J*£ 



V 



(7) 



^2 0 0 3-3 02 576 



0. 1, 0. 3, -0. 1 •!><»:, KLtfeiRS • 

[0067]*ft(17-D, (17-2), (17 
-3) ©TBOD^-tlftl 1 0, 20. 1 0*iBil*<t, 
tt±felRM« i fflIE^StJ:'S:»J-¥>-rt^ (17- 
1) , (17-2), (1 7-3) K±ffi<bLT90£ 
tt*.ftl^J:3lc£*6T'bJ:i\. ±IBfl9 0«tt%«nm 

cDsa^fc-a-^g^mti^ffiL^Lv seici*, vcp 

- v 6 0*m7Lft^£olc-3-%> LlA, ± 

[0 0 6 8] ft*k ^ff (16-1) t (17-1) > 
(16-2) t (17-2) , (16-3) t (17- 

[0069] 

(16-1) ' -0. 6<L/Rc2<0. 0 

(17-1) ' 1 5<v/CP-vCN 

(18) -4. 0 0< (R4F + 

(19) 0. 1 0<L/f 4 < 
tele L, R 4F&IE U VXj*#<D«*4M©®©#$*±T© 
ffi^m R4Rl*iEU'yXfig»<D^ffliJ£DE©5tfft±T<D 

[00 7 2] fcfF (1 8) <D±KCOO. 0Si^.5i, 

j&3 u>xafjjt»©#fig3sa>^««m2 u>x»u«t« 

l\ TIO-4. 0 0£SS*.£<h, 7*— 2jXBS<D#j£ 

< ft y wis 

(18) ' -3. 6 0< (R4F + 

(19) ' 0. 1 5<L/f4 < 
SSIC &fl= (18), (19) <0firtl6^**^Wiai* 

(18) " -3. 2 0< (R4F + 

(19) " 0. 2 0<L/f 4 < 

«rtMB*i»6«Kc, *UVX, jEU>X©24ka>MAT+ 
^1 UVXPt^aLT, WTO&fF (2 

(20) -0. 8 0< (Ripf 



(21) 



-0. 1 0< (R2NF 



fe/cL R1PF 1*^1 U>Xi¥<OIEUyX<&»*ffliJa>E 
<JMH*±T©I»**&. R1PR liS1 U>XS¥CDIEU> 
XO«MI8<OlBOyt«*±T©ft*4^a» R2NF BS2l/> 
Xft©ftUVX0WfcM4>B4>%tM:?«>tt*¥S« R 

2nr itn2is>xm<on\s>xomm<Dm<n)m±?<o 

[0 0 7 8] (2 0) <D±PB<DO. 9 0££g*£ 



(16-2) ' -0. 4<L/RC2<0. 2 

(17-2) ' 2 5<VCP-^CN 

(16-3) ' -0. 8<L/RC2<-0. 2 

(17-3) ' 1 5<vcp- vcu 
tfStC» jfcft (1 6-1) £ (1 7-1K (16- 
2) £ (17-2), (16-3) t (17-3) 
ftfft<0<iMTA x fc*W*55:&£J*(T©<fc -5 icf 5 <!: * 6 

[007 0] 

(16-1) " -0. 5<L/Rc2<-0. 1 

(17-1) " 2 0<i/CP~v/CN 

(16-2) " -0. 3<L/RC2<0. 1 

(17-2) " 3 0<v/CP-vCN 
(16-3) " -0. 7<L/RC2<~0. 3 
(17-3) " 2 0 < v CP- v CN 
£/c, m4U>Xeflc^LT«, 1 o©JEU>Xfig»T- 
SfSL, J-XTO&fF (18), (19) «^S-r*<tJ: 
l\> 
[007 1] 
R4R) / (R4F-R4R) <0. 0 
0. 70 

[0073] (19) 0>±Htf<DO. 7 0SiS^5 
<h, BBBtC*3UVXWfcJMU>XS*Ett*l«3fc 

n/r-r5tbJR« t uift<ft%. TRfflo>o. i o*a^5 
ra?»*L<ftt\ 

[0 0 7 4] ftfc, (1 8) , (1 9) OtiMtfti* 

SiS*B**JXT©«fc-5te*"*<!:J:y<fct\. 

[0 0 7 5] 

R4R) / (R4F-R4R) <-0. 4 0 
0. 60 

[0 0 7 6] 

R 4 r) / (R4F-R4R) <-0. 8 0 
0. 50 

0) , (2 1) *mittt.*x\ 

[0 0 7 7] 

+ Ripr ) / (Ripf -Ripr ) 

<0. 90 

+ R2NR ) / (R2NF -R2NR ) 

<2. 00 

<t, m&<MB*&BLmim&. l-¥>t < , tpscd-o. 8 

[0 0 7 9] *ft (2 1) ©±B<D2. 0 0^5 
t, ^lEStf, TB{i£>-0. 1 0&mx.2>£. 1&M 

[0 0 8 0] £33, (2 0) , (2 1) (DfiJftfrft 
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[008 1] 

(20) ' -0. 5 0< (RiPF 

(21) ' 0. 2 0< (R2NF + 
SeiCv (2 0) , (2 1) Oftftfr&2>lHmi5 

(20) " -O. 2 0< (RiPF 



(21) 



0. 5 0< (R2NF + 



#5 5" J-X±TfeSCi:^Bua<!:LTt^„ £(Dfcffl% 
[0 0 8 3] $7c, ^(DJEftJg^iliftfe^S 0° J-XTTfc 

^i&iixstfjgcy sr=. $gi uvxe^sac 
[0 0 8 4] j.x±. x-./»u;/XS»coj/»tj*«!:*ipj* 

[0 0 8 5] 7<I^-I51<t5ftl!:^t 

ms-r*, m^Jt^^giciis ate. mtwtfmmmc 

£ffi®ft?<i:yfc«*lByU:J?ALTl^<, Ctl«-Jm*<D 

#m<%;zmt£i)\ m'm$hzktf&z<, x-auvxis 

W5 iz&ZtmfH** U fcftttflHc* M600n m? 
©j§j®sp (T600 ) tf8 0%«±. 7 0 0 nmTOSSa 
^ (T700 ) fl 8 8 %WT<0ifi*>l-->1' h =1— h 
S#Atit> qSiR^-fXJ:y i t7 00 nmJ.X±^>>fi# 

»<&»A «fe : E+f'r-77'f;U^-^*-r5CCDa|CD 

[0 0 8 6] f^fc^s 

(22) T600 /T550 SO. 8 

(23) T700 /T550 ^0. 0 8 

«aG-fcrc&tfa$Li\. ft/cu T550 itmmsso 

[0087] fcfc. £0= (2 2) , ( 2 3 ) CDfRltlJb^ 

si^is^^wT©* -5 tc-r % <£ <fc y <fc i\ 

[0 0 8 8] (22)' T600 /T 550^0. 8 5 
(23) ' T700 /T550 ^0. 0 5 
*51C, (2 2) , (2 3) (DiSjnfr&ZWZMlj 



+ R 1PR ) / (R1PF -R1PR ) 

<0. 7 0 

R2NR ) / (R2NF -R2NR > 

< 1. 5 0 

[0082] 

+ R1PR ) / (R1PF -R1PR ) 

<0. 50 

R2NR ) / (R2NF -R2NR ) 

< 1 . 0 0 

[0089] (22)" T600 /T 550 ^0. 9 

(23) " T700 /T550 ^0. 0 3 

C C Dm<0mW^Sm=F<0^ 1 ■Z>OX&l*. i&f&WiS, 
om&5 5 0 n mlcfcrf ^JgfcVJSWHO^tlJ: y t, 
frftU Kit Ctits iffiSmfcEOfeiRMKJ: 

0 0 n mT(7)>Sjl^ ( t 400 ) <Z> 5 5 0 n mT'fflfn 
(T550 ) iCttf^ittfO. 08^TI°iyx 440nm 
Ttf>SiB* (T440 ) ©5 50 nmTCD^ft (T550 ) 
KfcfrSJttfo. 4£±0£<fc'5£i»iHf*2D£^«:J5&* 

x#fr*ys3*ar*i*. 
[0090] -rfcto-s. 

(24) T400 /T550 ^0. 0 8 

(25) T440 /T550 SO. 4 

[009 1] ^ft (2 4) s (25) CD<5mfr35 

[0 0 9 2] (24)' T400 /T 550^0. 0 6 
(25) ' T440 /t 550 SO. 5 
SeiCs (2 4) . (2 5) Of5jn* N ^-5tS*i^73 

[0093] (24)" T400 /T550 ^O. 04 
(25) " T440 /T550 SO. 6 

[0 0 9 4] — ffife^-f^^-^Ji^ ^tftt&aft 

46, 'MJC C D£fi£fl§ L/c<h#cD^ 'J y h 
[0 0 9 5] $/c, ^^5®<»<-r*lCl*, 



(9) 
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*ILZt£Tftjtf3 5° fr55 5' <DWm?&Vs fro, 

(26) 0. 0 8 < t LPF /a < 
0. 0 7 5 < t LPF /a 
fcffU t LPF (mm) liX-AU^XOftfSHCft^T 
» , fe»<*tlt0!>4'<"ft*y3 5" #655° 

-So 

[0 0 9 7] 1tt**^««B*-p«/a*tlfc^ttP 
-/\°*:7^/U*-<D^g*>JI^t>GDW:, 

£?tCl££?tlTfctK fcJ:^a/5. 8 8 (mm) 7 

(26) ' 0. 0 7 5< t LPF /a 
0. 07<ty>F/a< 

(26) " 0. 0 7 < t LPF / a < 
0. 0 6 5< t LPF /a 
$fcx a<4 jumlCfcl^T. it¥«IP-/\ 0 X7-<;U^- 

0*y*ft (2 6) , (26)', (2 6) " <D± 



<te. 5 5° #67 5° <h&££-5K-r£*>\ 



CCDftlt^KBKfc^TteAWttCD^^tS^c 
Sg'NCDttgiStf 4 5 ° ififf 4) £ #<fc y < * U , 0 

f£u 9 0° (o«i^«M#icajes*i«-3*ffl*as«««^ 
n-^/4«flDfi) . 

[0 1 02] *fc, MSE©c<k ^#'hS<& 

«y(owi««fiF«aiicj:**<ba>**ftiBtttv mm 

[0 10 3] &izm$k¥'y J-tf'ht? < , mso&yt&Mt 



a^JPl^-f >l/£-tf>J?a*tLPF (mm) £J.XTa>&# 
[0 09 6] 

0. 1 6 (a<4|jm©i$) 
<0. 15 (a<3j/m©iS) 

[0 0 9 8] —75. Bi}Rtfy^««/J>4-<ft*tC-DtlTie 

5fcGH§^£>5l£l*'i>&<&£o LfctfoT, a / 5. 
8 8 (mm) J:y»%7!;M?»+%g)t»<-rS<t. €>L 

0=1 > h z>X h |ft± L# * Ll\ 

[0 0 9 9] &i>\ WT<0«t3tc-rs<!:J:yj:t\ 

[0 10 0] 
<0. 1 5 (a<4jLim<7)(!:?) 
0. 1 4 (a<3|jma)t$) 

[0101] 
0. 1 4 (a<4(jm(Dt*) 
<0. 1 3 (a<3jum0<b*) 

pusy £ LTt»«fct % . *<am£s nattyciiMft'rsu 
yxmt'JH* < 3S»*©iiP» y (citato tfl® 

y wiSP^Sjif^.fc-pic-rsis «yu:j:%»tt&;* 

PS£ y <£ lis U >XE£ 1 oW±WTfcJ!fcl**£fc<sm 
OS^i.S'JcDJt^^ <hAft8&?L£#IS:£}5o£:cJ:l\ 

[0104] assiMi, BBp-y<x# : ®^«aa)Bip 

=&*U -?-tf>*<D1 o^lgfoat^fiXOUVXBi: 
m 3 8fCDg*>t!!lf*flJCD U>X®<7)F^<Df5in3b N CDittKF , 9(C 
}?AT'5\ *^ ffe<Dt<D<i:^pJt6<!:-r-SC:<!:T\ ® 

^OD^fOgSPO^ — gP©MPF«9tC5 5 0 nmlC 

s^ua^ft^n-ens^ y 8 o %*st^-s <»: 

SSIM*. a (jL/m) /F^">/^-<0. 4tS5<t:3 
^ F (jilcffiS-r J: -5 KiSS5£!!8£T 

t*> matoiz 5 5 o n micw-r^iSji^^n^'ns^ 

j®i*^:L3b^*l>l*5 5 0 nmtC«-T*Siil^9 1 % 
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[0 10 5] *tc, ±f3©ffi&4>llflP£*tt* i ttS£ F 
¥ ft □ -/ \°7. 7 -f ; U £ - * ffl □ 1*3 IC AftT a < (0 Tt J: 

gtf'j^ < fcseft^? << /u* -©jH»«tttt*H < is 

£LT*5<<!:Ja\> 
[0 10 6] /£ft«<7>nj»F<ii£«fflTSiIiigt? 

[0107] ±reo**friC^»ai3r**»w© 

iE*£fctt«c&-?£y, a#*x-.z*u>xxtt«? 
afltsneflia-r set # *o 

[0 1 0 81 Sfo ±IB0>&&fF3(c£lTli« *G>± 
HfitQfrS L < BTIBfll©**, <fc U Ll"*#*<B 
±TBMi£yBU£LT'bJ:i\> &IB4>*Xffi090> 

[0 10 9] 

[*£IE<Dj|ttW>Jg&] J-XTx *5MB<DX-X*U>X®* 
SKM 1 ~ 5 lCOt>TlttWr-5o m&ffl 1 ~ 5 OMKlBBIfe 

jStejmfcflWtfttt (a) » *ntttR (b) , aattH 

(c) TcDUVXBTSE^^n^nEI ~E5lC^-To 
SB** S1 U>Xf¥l*GK Sg2UX*m*G2v tt 
y»Ss JH3U>XW«G3. S4L/>XfifBG4 1 % 
^S*)P-/\'7.7-f'/Uf-«LF, reJMJR??S£C 
CDfl)A^-#7X»CG> CCD©giIttlT^U 

$fc, si uvxef^G 1 ^oytmwmf-?*) 

X/v£AHLfc¥ft 1 M&aP?CTLTfc%. 9t& 
X\29tmV*u-rtX7 << )\/* — \- Flcffiga- h^SfiC 

[0 110] ^KSfyffllf^UXAPtt, ft£0!l£LT 
0<J*.«'*8S0!1 1 <DX-AU>X<Dj£ftffi&fBiS%j5£^ 
B$(DSt U fiPfBSfcfctt-* ftSS0*H 6 ICS*? * 9 w 
88£9 0° ffiyfltf£KI4XyXA<!:LT8i/£;*tl*. 

[0 1 1 1] HSfeflJl <^X-Z»U>Xt*x BllcStJ: 
%(flsffliJlta<0»^-X*XU>X<!:s ttBOTUtt 

vfzrvxupt.. PSdHEuyx^frs&ssi uvxsf 

G1> iEIHmU>X<b. ^ffliJtCiaroiE^-X^XUV 
X,fcfrSfcSS2U>XB¥G2. natty S, PGIEU 



G3, iRjflJffldlCfltOIE^^^/jXUVXl ttfrSfcSS 

4uvxs¥G4#e>&y, j£ft«B/)^5aa«S(c^«-rs 
m*, si uvxwgk natty sw«t, S2u 
>xgf g 2 amm^tem u s 3 u>x# g 3 mm 

S«©tt¥Wc7*-/i-»^r*/£»P:» S4UVX 
SfG 4»WNNIU iti* ft*. 

[0 112] #J*®«\ £2 U>XS¥G2tf>j35IHmu> 
XCDi^H* S3 U>XS¥G3<Dfit>%rf!MB'J<D®<!:« i t>® 
SfiiJ©S. S4 UVXgfG 4 <D$M<W<0ffi© 5 ElCffll/> 
6ft7V*o 

[0 113] *fififi!l2C0X-/*U>X^ E]2lC;jVtJ: 

5tc, mtomtcaont-xiDXisyxts jwwfy* 

tffJXJUPt:, gSCiiEUVXtft^ftS*! UVXW 
G1, j^pgftU>X<t. P50IEUVXtft»6**JB2U 

>xgfG2, Hattys* maiEuvx*:, ^oieu> 
xtHHftu>x©»&L/>Xi:fl'Sft*»3 u>xsf 

G3. «*#JlCi£b©IE;><=X#:*U>Xl ttfr6&SS 
4U>XS¥G4fr6&y, ffift^6MS4SlCSfS-rS 

nu« jbi i/>XBGi, natty stis^T, m2u 

>XSf G 2 littSfflJ'v&M U S3 U>XWG 3 |*«rft 
fliJ^HU JS4l/VX»G4tttiHj'N»tt4. 54 

sfG 4»tt#fig / Mty aj*n*. 

[0 114] m2U>XSfG2COj551HlftU> 

x©#n«©n» S3 u>xpg 3 cDtMtflianaiEL' 

VX<7)Pffi> S4 U>X8¥G 4(7?%lfli:<BiJ<DS04ffllCffl 

[0 115] *J6«>J3cDX-Ixl^>Xl*. El3(Cm-r«J: 
ate, *!!ii*:WcOcD*p<3X*XUVX<!:, JttKSryft 
ifyyXZxPix PSCiIEUVXt^SftSSl U>XSf 
GK PIH]AU>Xi:> %(*fiiJ(cacoiEy-7.*7.U> 

x&»6ft«n2 u>xi¥G2, natty Ss ^aieu 

VX<t, i^aiEU>X<!:i55IHAU>X<Djg-&U>Xi:« 4 
6fc*S3 U>XS¥G3, 1feftn(Ci!!iOIEP<=XAXU 
>Xltt/)^6*SS4U>X8fG46^«:y, JtftflBfr 

eaisisicafis-rsisi*. si u>xwgi, natty 

S»HJ£T*> «2UVX»G2»i«BB«'s«BU S3 
UVXWG3tt1W*n'>j»ttU S4U>XS¥G4li® 

fc«6tc, S4 u>xsfG 4»»#in'Miy tus-fts. 

[0 116] *3*®«, S2 UVXSfG2(Di55CaAU> 
X<D#®#JCD®v S3 UVXPG3CD«WDiEflIEU 
>X<Di^ffix S4U>XSfG4CD%)i*#J<DfflCr)4®tCffl 
l^^nTt^So 

[0 117] HS6fl|40[>X— AU->Xli, 04lc^-r<fe 

•5ic, matemziho)n.*-xt)X\syxti. jtawy* 

IfXyXZxPt, i^CiiEUVXtfe^SSSI U>XSf 
G1, i^laft^>X<t^ i^fliEU->X < t:fr63S:SS2 U 

>xafG2, natty s, poiEuvxtMDaAuvx 
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312 UVX&G2li®Effi'J'\f£®)U S31/ 
>XS¥G 3 l*«!a'f*:ffiiJ'N^iJ!j Sg4 U>XS¥G 41*— B 

4 ttiM*#i / Mft y aj* n^o 

[0118] immte. m2is>xmG20)ffiwni'> 

X<DffiW, £3 U>X3¥G3©&£U>X<£»*fiM<7> 

m. t-xtixisyxommo smicm^zftTi^o 
[oi 1 9] mm5v>x-ui'yx\$. esic^-tj: 

^MaOKA^ft^xaxUVXiu ttSSJ/fyffi 
Wf'JXUPt* MiaiEU>Xt^6**mi U>X8¥ 
GK ^IHlftUVXt^ffiiJlcOcDfty^XXjXUVX 
C0££L/>Xfr6&£SII2U>Xg¥G2, BBP&ys. 
pfiuEUVXi* *Sni*ffliJtC(!]i<DiE^-7.*7.U>X<!:*!a 

i c a a) » * - x * t. u > x u > x t & s & & 

*fifrS&£fg4U;/XS¥G4fr6&y, dSfcigfrSSBS 
4s5lcSfg-rs^l*> 3S1 U>X©fG1s HORUSttB 
»2U:/XSG2ttfltBMI / MM»U I3l/>X 



oo 



oo 



ri = 31.0100 
r 2 = 9. 9641 

r 3 = 

r 4 = 

r 5 = 

r6 = 

r 7 = 

r8 = 

r 9 = 

r 10= 

r 11= 

r 12= 

r 13= 
r 14= 

r 15= 

r 16= 
r 17= 

r 18= 
r 19= 

r 20= 
r 21= 

S7ffi 

K = 0 

A4 = 5.2999 X10"4 

A6 =-2.1607 X10-5 



23. 6950 
-23. 6475 

-377.9014 &mm) 

6.4536 (IRRB) 
6. 8913 
16. 1043 

oo GRy) 

7.5543 ®mm) 

-13. 0000 

13.1848 omm) 

12.3030 (^ERBD) 
1061.3553 

oo 
oo 
oo 
oo 



di = 
d2 = 
d3 = 
d 4 = 
d 5 = 
d 6 = 
d 7 = 
d 8 = 
d 9 = 

dl0= 
d n= 

dl2= 
dl3= 
dl4= 
dl5= 
dl6= 
dl7= 
dl8= 
dl9= 
d20= 



tc, W4UVX»G4tt»f»«^liyiil*tl*o 

[0 12 0] #&mii* *1 U>X#G 1 cmy-**? 

XU>X©«ffl«<0H, Jg3 U>XfifG3 0»(Mll0H 
iSIEl/VXODSffik L/VXBfG 4 (OftfffflKOffitD 4 

EliMSffi, M . r2 "-tt*bVXffi©ft**a. d 
1 , d2 -tt^UVXBBOHNI* nd1^ nd2"*»*U 
>Xa>dMW)B»r*s vdi, ^d2 -tt*UVX©7»iy-^ 

a?s5 0 ^fes immmmts x*jfc©j«?*iRi*iE 

[0 12 2] x= (y2 /r) / [1+ {1- (K + 
1) (y/r) 2 } 1/2 ] +A4y 4 +A 6 y* + Ae.y°" + 

Aioy 10 

fc/cU rl±i&NiA*¥S* KttPMflWt* A* 
A8s Aio tt*tl^ t n4*. 6*. 8*. 1 0X(Mmi 

[0 12 3] 



1.0000 
2. 9000 
12. 0000 
0. 3000 
3. 5400 

WHO 

0. 8000 
0. 7000 
2. 2000 

fflr» 

6. 1695 
1.0000 

1.8000 

(rT» 
1.9000 

0. 8000 
0. 7500 
1.3565 



ndl =1.80100 vdl =34.97 



nd2 =1.80610 v/d2 =40.92 



nd3 =1.74100 v/d3 =52.64 



nd4 =1.80610 Vd4 =40.92 



nd5 =1.75520 v d5 =27.51 



nd6 =1.74320 vd6 =49.34 
nd7 =1.84666 vtf =23.78 

nd8 =1.74320 vd8 =49.34 

nd9 =1.54771 v/d9 =62.84 

nd10=1- 51633 Vd10=64-14 
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As = 1.8300 


XI 0^7 


Ain= 0. 0000 








K = 0 




A4 = 5.8050 


XI 0~4 


A6 =-1.0603 


X10-5 


As =-7. 5526 


XI 0-7 


Aio= 0.0000 




mi 2m 




K = 0 




A4 = 5. 1734 


X10-5 


A6 = 1.0455 


X10"6 


As =-3.4185 


X10-8 


Aio= 0.0000 




Hi 4E 




K = 0 




A4 = 8. 4429 


XI 0-4 


Afi = 2. 1473 


X10"5 


As = 7. 3738 


X10-7 


Aio= 0.0000 




mi 5® 




K = 0 




A4 =-6. 2738 


X10-5 


A6 = 7. 6642 


XI 0-6 


As =-2.0106 


X10-7 


Aio= 0. 0000 







WE 


ST 


T E 


f (mm) 


6. 01125 


10. 40282 


17. 99133 


FNO 


2. 5820 


3. 5145 


4. 7679 


U) C ) 


32.7 


19.6 


11.4 


d6 


0. 78801 


4. 80346 


8. 70695 


dlO 


9. 39271 


5. 38074 


1.47422 


d 11 


11. 13320 


5. 78312 


1.48451 


di4 


2. 19671 


8. 56256 


14. 78227 




4. 12457 


3. 11055 


1.18821 



[0 12 4] 

r^ = 31.1674 

r2 = 10.0082 

r 3 = oo 

r 4 = oo 

r 5 = 38. 3752 

r 6 = -19.0539 

r 7 = -27. 7782 

r 8 = 5. 9968 (#E9cE) 

r 9 = 8. 0742 

M0= -358.1053 

m= oo GRy) 

M2= 8.4600 



di = 1.0000 

d2 = 2.8000 

d3 = 12.0000 

d 4 = 0. 3000 

d 5 = 3. 3000 

d6 = (pJW 

d7 = 1.0000 

ds = 0.7000 

d 9 = 2. 3000 

d 10= (pJ^ ) 

dn= (pJ£) 

di2= 2.5000 



ndl =1.80518 
r>d2 =1.80610 
nd3 =1.77250 
nd4 =1.80610 
nd5 =1.75520 

nd6 =1.74320 



vdl =25.42 
v/ d2 =40.92 
v d3 =49. 60 
v/d4 =40.92 
v d5 =27. 51 

vde =49.34 



(13) 



^2 003-302576 



[0 12 5] 



r 13= 
r 14= 
r 15= 

r 16= 
r 17= 

r 18= 
r 19= 

r 20= 
r 21= 
r 22= 



■116.7590 (tmm) 

8. 8060 
-40. 0000 
4. 6054 

6.7337 mmm 

14. 1820 



oo 



oo 



oo 



oo 



00 (#®) 



r 23= 

nsm 

K = 0 

A4 =-2.7926 X10"4 
A6 =-5.5281 X10-6 
As =-3.0031 XI 0-7 
Aio= 0.0000 

K = 0 

A4 =-1.0549 X10-4 
A6 =-1.1474 X10-6 
As =-5.2653 X10-8 
Aio= 0. 0000 
mi 3ffi 
K = 0 

A4 =-4.5663 X10"5 
A6 = 6.3255 X10~6 
As =-3.7416 X10-7 
Aio= 0.0000 

K = 0 

A4 =-3.4690 X10-4 
A6 = 2.1996 X10-6 
As =-1.8422 X10-7 
Aio= 0.0000 

(oo) 



dl3 = 
di4= 
dl5= 
dl6= 
di7= 

dl8 : 
di9= 

d20= 
d21= 
d22= 



0. 1500 
3. 0000 
0. 7000 
(Rl&) 
1.9700 

(RT«) 
1.9000 
0. 8000 
0. 7500 
1.3596 



nd7 =1.60311 f d7 =60.64 
nd8 =1.84666 vd8 =23.78 

nd9 =1.69350 vd9 =53.21 
nd10=L 54771 vd10=62.84 
nd11=1. 51633 i/d11=64-14 



) 



f (mm) 

FN0 

oj ( 

d6 
dlO 
dll 

dl6 
dl8 



WE 


ST 


T E 


6. 00633 


10. 39946 


17.99885 


2. 8069 


3. 3441 


4. 0747 


32.4 


18.9 


10.9 


0. 79862 


7. 41546 


13. 08585 


13. 68612 


7. 06296 


1.39894 


7. 73864 


4. 51502 


1. 19986 


1.69904 


5. 23999 


10. 27759 


3. 54003 


3. 22246 


1.50021 



n = 31.4475 
r2 = 10.0029 



dl = 
d 2 = 



1.0000 
2. 8000 



ridl =1.80518 i/ dl =25.42 



V 



(14) 



ItBfl 2003-302576 



3 = 


oo 




d3 = 


12. 0000 


nd2 


=1.80610 


v d2 =40. 92 


A - 
H 


oo 




d4 = 


0. 3000 








c = 

J 


40. 9109 




ds = 


3. 1000 


Hd3 


=1.77250 


v d3 =49. 60 




-18. 5523 




d6 = 


(rJ£) 








7 = 


-27. 7365 




d7 = 


0. 9000 


n H4 


=1.80610 


i/ d4 =40. 92 


Q = 
O 


6. 1675 




d« = 


0. 6000 








Q = 


7. 8689 




do = 


2. 5000 


U J 


=1.75520 


v/ d5 =27. 51 


10= 


541.9130 

%w* www W' • w 




d 10= 










11 = 

1 1 


oo 




d 11= 










12= 


6. 8303 


(*«ffi) 


d 12= 


2. 2000 


nd6 


=1.74320 


v d6 =49. 34 


IO 


-168. 3254 


(#l£®) 


d 13= 


0.1500 








14= 


10. 3767 




di4= 


2. 5000 


nd7 


=1.60311 


v/ d7 =60.64 


1 <!= 


-100. 0000 




dis= 


0. 7000 


nd8 


=1.84666 


vd8 =23.78 


16= 


4. 2552 




dl6= 


(rT«) 








17= 


6. 4363 




dl7= 


2. 0000 


nd9 


=1.58313 


v d9 =59. 38 


18= 


16. 8235 




dl8= 










19= 


oo 




dl9= 


1.5000 


n (110=1 • 54771 


i/d10=62.84 


20= 


oo 




d20= 


0. 8000 








21= 


oo 




d21= 


0. 7500 


nd11=1. 51633 


i/ dl 1=64. 14 


22= 


oo 




d22= 


1.3596 








23= 


00 «S*i 


B) 













mmfUk 



18® 




K = 0 




A4 =-2. 1223 


XI 0"4 


A6 =-3. 9476 


X10-6 


As =-2. 3492 


X10" 7 


Aio= 0. 0000 




M^ 2m 




K = 0 




A4 =-9. 9966 


X10-5 


A6 =-4. 8770 


X10"6 


As = 7. 8835 


X10~ 7 


Aio= 0. 0000 




igi 3® 




K = 0 




A4 = 1.6853 


X10-4 


A6 = 4. 2908 


X10"6 


As = 8.3613 


X10' 7 


Aio= 0.0000 




m 7® 




K = 0 




A4 =-3. 5205 


XI 0^4 


A6 =-1.4117 


X10-6 


As =-1.1635 


X10" 7 


Aio= 0.0000 





WE ST TE 

f (mm) 6.00728 10.39935 17.99830 

FN0 2.7463 3.3017 4.0273 



(15) 



ftM2 003-302576 



[0 12 6] 





32.4 




18.9 




11.0 




w 0 


0. 79769 




7. 29414 




13. 01239 


d in 


13. 61214 




7. 11013 




1.39751 


d 1 1 


7. 70485 




4. 37777 




1.19903 


d ifi 


1 . 69969 




5. 42936 




10. 44566 


d ir 


3. 74084 




3. 33843 




1.50064 
















r i i 


32 0016 


di = 


1 0000 


n hi 

■ ■ U I 


=1.75520 


vdl =27.51 


r o = 


10 0102 


d? = 


2 8000 

«■»* WW 








r t — 
1 J 


OO 


d* = 


12. 0000 

1 «W • WW 




=1.80610 


v/d2 =40.92 




oo 


km q 


0 3000 

w» ^vw 










23 5519 




3 1000 

■mJ m 9 WW 




=1.72916 


i/d3 =54.68 


• 0 


-24 7555 


d* = 












-21 9861 (ifeE^Bi) 




0 9000 


n ha 


=1.80610 


v/d4 =40.92 


1 o 


5 7215 teEElcSn) 


do = 


0 6000 

V» WW 










7 9386 


do = 


2 5000 

* ^vw 




=1. 78470 


v d5 =26. 29 


f |U 


•388 5176 


d in = 














dn= 


(rJ3£) 










5 6674 ilttSM) 


d i?= 


4. 0000 


nd6 


=1.74320 


v d6 =49. 34 


■ 1.5 


-19 0000 


H 13= 


0 7000 


nd7 


=1.84666 


i/d7 =23.78 


r 1/1= 


7 7986 


d *\a= 


0. 3000 








r i C— 


3 8662 (3E££iln) 


d 1 q= 


1 0000 

1 • WW 


nd8 


=1.69350 


v d8 =53. 21 


r 16= 


3.6817 


dl6= 


(rI£) 








r 17= 


13. 0325 


d!7= 


2. 0000 


nd9 


=1.48749 


v/d9 =70.23 


r 18= 


201.0398 


dl8= 


(r7£) 








r 19= 


oo 


dl9= 


1.5000 


nd10=T- 54771 


vd10=62.84 


r 20= 


oo 


d20= 


0. 8000 








r 21= 


oo 


d21= 


0. 7500 


nd11 


1=1.51633 


Vd11=64. 14 


r 22= 


oo 


d22= 


1.3599 








r 23= 


00 (MM) 













Sg7E 
K = 0 

A4 = 2.0496 X10-4 

A6 =-3.4919 X10-6 

A8 = 7.4208 XI 0"9 
Aio= 0.0000 

K = 0 

A4 =-3.6883 X10"4 

A6 = 3.4613 X10-6 

As =-9.0209 X10-7 
Aio= 0.0000 

mi 2® 

K = 0 

A4 = 5.4882 X10~4 

A6 =-1.8282 X10-5 

A8 = 1.6707 X10-6 
Aio= 0.0000 



(16) 



15B32003-3 02 5 76 



[0 12 7] 



K = 

M =' 
A6 = 
As = 

AlO= 
mi 
K = 

M = 
A6 = 
A8 = 
AlO= 

/a7 



) 



x- 



f (mm) 

FNO 

cu ( 

d 6 
dio 
dll 

dl6 
dl8 



sm 

0 

-8.1049 x 
-4.3019 X 
-3.1973 X 
0. 0000 
6® 
0 

-6.4092 X 
-7.3362 X 
2.9898 X 

0. 0000 

(oo) 



10-3 
10-4 

10-5 



10-3 
10-4 
10-5 



WE 


ST 


TE 


6. 00844 


10. 40337 


17.99810 


2. 7659 


2. 9849 


4. 0444 


32.6 


19.2 


11.3 


0. 80018 


8. 47206 


12. 07930 


12. 67757 


5. 00686 


1.39837 


6. 26991 


5. 19965 


1.19782 


1.70036 


2. 60388 


9. 42234 


4. 14771 


4. 30945 


1.49796 



nmrns 












r 1 = 


37.5126 


dl = 


1.0000 


ndl 


=1.78470 


v/ dl =26.29 


r 2 = 


9.9406 omm) 


d 2 = 


2. 8000 








r 3 = 


oo 


d3 = 


12. 0000 


nd2 


=1.80610 


vd2 =40.92 


r4 = 


oo 


d 4 = 


0. 3000 








r 5 = 


33. 8530 


d 5 = 


3. 1000 


nd3 


=1.77250 


vd3 =49.60 


r 6 = 


-21.7247 


d6 = 


(Rllfe) 








r 7 = 


-22. 9665 


d 7 = 


0. 9000 


nd4 


=1.77250 


Vd4 =49.60 


r 8 = 


7.9115 


d 8 = 


2. 5000 


nd5 


=1.71736 


v d5 =29. 52 


r 9 = 


55. 6404 


d 9 = 


(Rift) 








r 10= 




dl0= 


W» 








r n= 


8.1626 omm) 


d n= 


2. 2000 


nd6 


=1.74320 


Vd6 =49.34 


r 12= 


-278.0091 ($mm) 


dl2= 


0.1500 








r 13= 


7. 0366 


dl3= 
di4= 


2. 5000 
0. 7000 


nd7 


=1.60311 
=1.84666 


v/d7 =60.64 
v/ d8 =23. 78 


r 14= 


50. 0000 


nd8 


r 15= 


4. 2115 


dl5= 


(Rl«) 








r 16= 


6.7994 (?H0D 


dl6= 


2. 0000 


nd9 


=1.58313 


\/ d9 =59. 38 


r 17= 


13. 6965 


du= 


fflrw 








r 18= 


oo 


dl8= 


1.5000 


nd10=1- 54771 


v/d10=62.84 


r 19= 


oo 


dl9= 


0. 8000 








r 20= 


oo 


d20= 


0. 7500 


nd11 


=1.51633 


vd11=64. 14 


r 21= 


oo 


d21= 


1.3586 








r 22= 


00 (AS) 
























m 


2® 












K 


= 0 












M 


=-4.8339 XI 0-5 













(17) 



tli2003-30 2 5 7 6 



A6 = 1.9771 


X10-7 


As =-1.3364 


X10-8 


Aio= 0.0000 




^11® 




K = 0 




A4 =-2. 9041 


X10-4 


Ae = 2. 3089 


X10-5 


As =-1.0828 


X10"6 


Aio= 0.0000 




^1 21 




K = 0 


- 


A4 =-1.9946 


X10-4 


Afi = 3. 1348 


X10"5 


As =-1.4447 


X10"6 


Aio= 0.0000 




Sg1 6S 




K = 0 




A4 =-2. 4256 


XI 0"4 


A6 =-6. 3914 


XI 0'6 


As = 1.6763 


XI 0-7 


Aio= 0. 0000 





X-Ut-* (oo) 





WE 


ST 


T E 


f (mm) 


6. 02709 


10. 40552 


17. 99646 


FNO 


2. 6193 


3. 3129 


4. 0433 


u> (• ) 


32.3 


18.9 


11.0 


d6 


0. 80042 


6. 82411 


13. 07966 


d9 


13. 67313 


7. 63416 


1.39413 


dio 


7. 94928 


4. 18630 


1. 19879 


dl5 


1.69392 


6.18157 


10. 44930 


dl7 


3. 50041 


2. 76626 


1.49565 



[0128] i>L±<Dnmm 1 ~ 5 ^mmmm^mmcD (25) com, (26) icmrza. upf atfL 

iR^Ei^^ti^nii 7 ~0 1 hc^To cneoiRME a>mxmT. *# (15) ~ (17) li^-n^n 

lcfc^T> (a) ti£ft4Sk (b) l**R3:im (c) (1 5-1) ~ (1 5-3) , (16-1) ~ (16- 

itm^masif^mm^s a- ^MiAs> majr 3K (17-1) ~ (17-3) 

iDT» Ig^felR^CCfcijVf* [0 13 0] 
[0 12 9] 3fclC, ±IB§*SS»lJ(Cj5»t*^ (1) ~ 







mmm2 


&8K0J3 






(1) 


1.80053 


1.79882 


1.78926 


1.89185 


1.68172 


(2) 


1. 58638 


1.62590 


1.62599 


1.63599 


1.68575 


(3) 


1. 34851 


1.33482 


1.33482 


1.33482 


1.33482 


(4) 


1.80610 


1.80610 


1.80610 


1.80610 


1.80610 


(5) 


0.91863 


0. 80674 


0. 81555 


0. 65256 


0. 69581 


(6) 


0. 27229 


0. 29553 


0. 29058 


0. 35869 


0. 29828 


(7) 


0. 94273 


0.31220 


0. 32096 


0. 63812 


0. 74098 


(8) 


2. 31092 


2. 42296 


2. 43781 


2. 46849 


2. 78836 


(9) 


1.62212 


1.68225 


1.69788 


1.44993 


1.75852 


(10) 


1.15319 


1.17060 


1. 15739 


1. 13543 


1.11669 


(11) 


1.96930 


1.50318 


1. 52111 


1.28830 


1.42870 


(12) 


1.21850 


0. 53216 


0. 53263 


0. 44969 


0. 54976 



(18) 



003-302576 



(13) 


0. 30433 


0.31196 


0. 34434 


0. 52241 


0. 29698 


(14) 


0. 36543 


0. 28287 


0. 28291 


0. 28300 


0. 28105 


(15) 


1 . 74534 


0. 52298 


0. 41007 


1.37605 


0. 59851 


(16) 


-0. 56154 


-0. 18250 


-0. 07300 


-0. 38421 


0. 14600 


(17) 


25. 56 


36. 86 


36.86 


25. 56 


36. 86 


(18) 


-1. 02346 


-2. 80812 


-2. 23928 


-1. 13863 


-2. 97167 


(19) 


0. 43618 


0. 43762 


0. 43731 


0. 25625 


0. 34893 


uu; 


a aaiaa 
U. UU IUU 


U. 


A 37AA1 


—A AO/IQ1 




(21) 


0. 96642 


0. 64490 


0. 63618 


0. 58701 


0. 48756 


(22) 


1.0 


1.0 


1.0 


1.0 


1.0 


(23) 


0. 04 


0. 04 


0.04 


0. 04 


0. 04 


(24) 


0.0 


0.0 


0.0 


0.0 


0.0 


(25) 


1.06 


1.06 


1.06 


1.06 


1.06 


a 


3.5 


3.9 


3.7 


2.9 


2.5 


t LPF 


0. 55 


0. 58 


0. 52 


0. 38 


0. 30 


L 


7. 30 


7. 30 


7. 30 


7. 30 


7. 30 



[0131] &*>\ nmrni^somnT-zizisifz m^z^o-e&Zo &tc. «T^at t L pF <om^^> 

1 2 3 

a 3.5 3.9 3.7 

t LPF 0.55 0.58 0.52 



4 5 

2. 9 2. 5 

0. 38 0. 30 



6 7 
a 2. 8 2. 7 

t LPF 0. 25 0. 25 

[0133] CCT\ WttiMkBOttft 
«L4tB*IBWalco^TKWLTfi<o H1 2B, I 

*aw**?a)BisisiB9J(oi«u*^ , riaT**y^ b*rspi 

a?R («) , G (tt) s B (») COlUmfe^tHJi/T 7 
>x ^-tr>#\ <ip- (») <D4fe<7)iiiig 

(Hi 5) tf^+fY^tticK^nri^o «8biMknu 



8 9 10 

2. 6 3. 3 3. 1 

0. 26 0. 24 0. 25 

o 

[oi3 4] j-x±os5is6^jic*j^t. mmis>xme> 

- hH^AWHflJlC«5Lfc^SDP-/\°7.7i';l/-5'-L 

F^SLTl/^o Z.o>T&Mftti<y VP'UbZ—. 
2ry h=I- hffil*. 0 0 nmTCDjgil^tfs 0 % 

Ut±> >&M7 0 0 n mT-CD2§jS35tf 1 0%J-XT<!:&£J: 

7JfcDJITO!r6£;5£JfSrc : &3. fc/cU !8ft;ftft 
t*7 8 OnmT^. 

[0 13 5] 
I (nm) y*/4 



Hi 


A I 2 O3 


5 8. 


SH2J1 


T i O2 


84. 


M3S 


S i 02 


1 34. 


S4I 


T i 0 2 


8 4. 


£5/1 


S i O2 


1 3 4. 



96 0. 50 

19 1.00 

14 1.00 

19 1.00 

14 1.00 



(19) 



&M2003-302 576 



S6H 


T 


i 02 




8 4. 


S7J1 


s 


i O? 


1 


3 4. 




T 


i 02 




8 4. 




s 


i 02 


1 


3 4. 




T 






8 4. 


v 1 1 Is 


s 

• " 




1 

■ 


3 4. 




T 

■ 


i O? 




8 4. 




s 


i O? 


1 


3 4. 




T 

■ 


i O? 




8 4. 


3TI5Jf 


s 


i O? 


1 


7 8. 


S16J1 


T 


i O? 


1 


0 1 . 




s 




1 


6 7 




T 

■ 






9 6. 




c 


i Ho 


1 
1 




Sg20Jf 


T 


i o 2 




8 4. 


mim 


S 


i o 2 


1 


60. 


m22M 


T 


i 02 




8 4. 




S 


i o 2 


1 


5 4. 


mum 


T 


i o 2 




9 5. 




S 


i o 2 


1 


6 0. 


S26/I 


T 


i 02 




99. 


*27JI 


S 


i o 2 




8 7. 



19 1.00 

14 1.00 

19 1.00 

14 1.00 

19 1.00 

14 1.00 

19 1.00 

14 1.00 

19 1.00 

4 1 1.33 
0 3 1.21 
6 7 1.25 

8 2 1.15 

5 5 1.05 
19 1.00 

9 7 1.20 
19 1.00 

2 6 1.15 
13 1.13 
9 7 1.20 

3 4 1.18 
19 0.6 5 



3E « 

[0 13 6] ±fBCDia#^>^-^*'y h=l- hcDSjS 
*t$1il*01 3tc^-Tilt!T»^o 

[0 13 7] *fc. D-/tt7-f/W-L FOMftmm 
KfcJ\ 01 4tc^r<fe J 5^>fi«l§E(DfecDSia^gMT 

[0 13 8] UteWtct*. COT^/^-gK^- 

»g4 0 0nm~7 0 0nmTiI$ 
/W^*^»*©^*lC»-r*4 2 0 nm4>3ft«<99 

ffl^<DJt*M 5%JiU:T*Sy> ^oat^t^s^iiia 

${cWt§ 4 0 0 n mCD>jfigC0ilia^CDJt^ 6 %£(TT 

[0139] ^tuccfctK AP^oeofeic^-r^is^ 
m^mmmm<D&t)\ ArsomTB^zmmtn^ct 

[0 14 0] ±IB<04 0 0 r\mO)}&&<Dm7&m<Dtttf6 
§aU#S;&gKIS£?nTL£l\ ffitCx ±13(7)4 2 0 

Fi™<D : ,&m<Dmi&m<Dit&'\ 5%<tyt^^ abb 

[0141] C(DJ:3S:}^^*'J[®r*#IS«. tife^ 
If <7 7 < /I/* -^ffl^fcS&^lCfclNT <fc y jam^ 



[0 14 2] ±E**«WWTtt, 01 4iO^T<fc ; 5^, 
;j£g4 0 0nmlCfcHt£i§ia*£0%. 420nmlCfe 
tt^iflia^9 0%. 44 0 nmtCTilia^Otf-^ 1 

[0 14 3] H9iBL/c3fi*^i/^-^*^ h=l— h<h0> 
fffflOWtdto-eiCcfcy, >&g4 5 0nm<D5Sii$9 9 
%«tf-^<tLTs 400nmtC*5^^)lia^0%, 
4 2 0 nmUli5tf£i§i!^&8 0%> 6 00nm(Cfil* 
^J2ig^^8 2%, 7 0 0 nmiCi>nt^iSia* : &2%<t: 

So 

[0 14 4] */c. □»/\°77'f/W-LF^ 

(=0° ) <t±4 5° JjfalZ* 

fiteTi$fflLTfcy> ^n^entcoi^ ikmzav 

m, ±4 5° ^rRjtt^tl^nSQRTd/Z) xa/cW6t 
CtT\ ^Tism^fi^T^Zo CCT% SQRTtj: 
MIBOcfc^tCX^xT 7 ;!/- h?*y 
[0 14 5] ^/cs CCDCDli^SI±tC^ 0 1 5 tC 

frstmVs *st>, ^rip- ^y-> 

OS) <7>4fecofe^^;l/^-*»^iii^tc^LT : E+f 

iine4a^<7)fe7^/L/^-«, ^n^n^BSi^iciatc 

^-tcmL^^^dtC^+f^^^cBBg^tlTl^o 

^tuccfcy, cfcy^^fen^Risgii^So 
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[0 14 6] fctfe^+f-r-j^-r 

El 5 Ktts? £ ? < <ht>4iB51(Dfe7'r;U^— 

6*8^n> *©4«&<Dfe7^/U*-<D1S14liJ.;CF<7) 

[0 14 7] ?y-V<Dfe:7'Ol/*-Gli;gfiGp 

<Dfe7-f/l/'S'-M«;^MpiiMp2^tf-^* : »U JJt 

[0148] 5 1 0nm<Gp <540nm 
5nm<Yp — Gp <35nm 
— 1 00nm<Cp — Gp <— 5 nm 

4 3 0 nm<Mpi<4 8 0 nm 

5 8 0 n m<Mp2< 6 4 0 n m 

Ztl^tKDftyt&moe-tlCtiLTm&S 3 0 nm? 

it 8 0 %m±<D&m*^ u ^-tfv^fe^-r/i/^-i* 

%<TS 5 0%CD5a*^*-rSC feffSttt^*!)* 
[0 14 9] ±IBSSI»6^JttJJ^« ; ?-tX ; Ftl©jK^14 

£>— flJfcEl 6lcjjVfo ^y-XDfev'-r/U^—GteS 

2 5 nmlcMSltOtf-'>5tLTl>§= -TlO-W 
67^W-Y e t*5 5 5 nmlCttftStJgtDfc-^fclr 
LT^S, ->7'V(Dfe7'r/U^-Cl*5 1 OnmlCttft 

B445nmi:620n mlCtf-7&SLTU5. $ 
/c, 5 3 0 nmlCfcttSSfe^-f — ti, ^ft^tlCD 
ttttS&gOfc 0 — PICULT, Gl*9 9%, Y e «9 5 
%, C « 9 7 %, Mt* 3 8 % t LTl^o 
[0 15 0] Z.0)&.ot*ffi&7'(>\'*—V>Wi'£s El^L 
bP-5- (gL<li, T^/Ufc^tCJBO 

Y= | G4-M + Y e +C | X1/4 

R-Y= | (M + Y e ) - (G + C) | 
B-Y= | (M + C) - (G + Y e ) I 

mmmmzmTR m) „ g cno « b (») 

[0151] ti!5T\ ±IBL/cjfi#^v'ir-^* y h 

[0 15 2] £/c, SHSS«iJ(D^5zriKy©BIJ»H:-r>^ 
TOOSfJffl^Ell 7^"T„ fcKU c:<7)EH*4gf«/«0J§ 

tentl^TE^LT&So Jifg!#$5£0$fr2#G2<!:Sg3 



PGSicDFaWJ'd^^yfiiillC, 0©> - 
2&s -3®, -4|SO^**Pii5^Bllgfri)^-U 
•y h 1 0£BEHLTl^3„ h 1 Oiclt. 0K4> 

frSfcSHiiP 1 A (;fifi5 5 0 n mlC«-r«JfljS^* 1 

0 0%) <hs - 1 BttJE'TSfcttKHn 1 A©MPH*S 

<D^»©^p®a^wr*^pfe«^ii^©s^¥ 

(«S 5 5 0 n mlcfctf £>gi!»* 9 9 %) 6 
&3I1BP1 B<h, BBP1 Btl^USffltDRmWPSP^W 
U -2fe -3®, -4KlCfflIE-rS/c«>x £*j£fi 
5 5 0 n mlcStr SSiM^ 5 0 %, 2 5 %s 1 3 %<D 

ND7-r /u^-^isiten/cMpgpi c, id, iE<t 

[0 15 3] ^LT\ h 1 0(7)[Hl«tt1 1 £>JS 

y(Di£ii<)icj:y<pin^cDWP^iKyfiB(cBB-r«c:<i:T- 

[0 15 4] mWFi-y^-Fno &F m ' >a 

/0. 4/nm<b£££:*U:, MP(*glc&S5 5 0 nmlc 

*»F«*±resc*aifer©»^ sfcyiistis (os) it 
y, *a)<h$K*tfS-r&ii3Ptti ciss, ^ntcfe 

y. ^y^lH]J/T^tcJ:^«D^b^«l^.T^So 
[0 15 5] £/cv E1 7lC^-r^-U> h 1 OiZttZ 
T> 11 8 (a) \Z7ji?$—l'V h 1 0' S-ffll^/cfllfc 
/tVTo ««^3S<DS 1 ?¥G 1 tM28fG 2 ,h<7>|g|<Wfc 
M±«>H&&RUttB(Z« OS, -1®, -2®. -3 
- 4®<DW2>2m®i*pjmt?Z>*-l'V b 1 0' 
SBBSLTl^. *-UyM0' let*, 0©<7)PS€- 
•TSF^Pm^ilS.^J4mm<0RfKT : HS<DFJP 1 A' 
<t> - 1 SffiiE-r«/c:«6lC^P1 A' (DfflummCDifa* 

#©wnn»**r*iip»BiWHje©iin i b- 

J6tC|iPffiiM#raK'J^<£y. -2©. -3g. - 

4@tcffijE-r^/c«>omwisscDFjpaJi c , i 

D' , IE' tSWLT^S. ^ LT> >-U»H 

o' <D0g$fti i cD^y©iai<iicj:y<Rin^cDMP«^ 

[0 15 6] ^/c, Z.ft*>m&<Dffln<K>'P<D-\ A' 6^ 

1 D' lC^-tV ; ?+l^^^«^14cDS^:^^e<JP-/\° 
X7-<;l/^-^i3LTl^o ^LT, Ell 8 (b) (c^ 

^•^is^tt^is < mm lt3s y , ^ntc j: y n y c: 
eh 8 (b) o&mmi*. n-/U7 < iM-ofroo. 

[01 57] 1st. ^(DXvttnwon^im&w. 
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mccd *>fflt£ -? * i \,u t i^o tcmmm^z gjts -e- 

[0 1 5 8] 01 9~B2 lte, *$HEtc<J:S$S<0;#£!y> 

Mf-^;w^7fl)igm4 1 ic!sa^/ufcfli« 

flHttBttaiT. Ell 9«7 r v'^;U*^740CD^$ 
CTrM£*MBU B 2 0 ttim££KJiB. 02 11*7*$? 

5 4 o wte/$£/Tx-r*¥:£ip]<DK®ET-££o 

T^SM/A/^Otts COfJOJS^ JiiJffl7fcS&4 2 
5*T5I^^4 1 , 7 7 4 4 

•>i4 6, iS a B B S^i-9-4 7SSt^ */740 
<D±8PKES**lfci/*v/$- 4 5 
lci!I!)LTJ§Utt¥&4 1 , fy*(£Xttft|1 OttBVrU 
ffitfX-AUVX^ilLTSf&JbMrb+i*. C<0JS^ 

jt»«f y tttf x y Xi* p «j: 5 y mm^t. x 

D-/a7-f;^-LF^LTCCD4 9(!)Ii®± 
iCJK^zrtV*, CCCCD49 T'S^fn/ctlftili, 
$!H1#©5 1 **>U m^B^tLT^^^WSlciSlt 

6+ifc?SSS^ ; e— ^— 4 7tts^**x5o £/c, in co 

am*® 5 1 (ctiiBa*©5 2^s^*n, jti^nfc 

S^H&fciB^-r T'££o CCDsB^K 
5 2«Sas#|g5 1 &U1tlcRHT l bJ:i*U 7Py bf 
- (BMMR) r-fX^^t'J-A-K, MOflcJ: 
ya?ttKfB»»&^T?£?U:*§J$LT*>J:l\> £ 
fcs CCD4 9tC^-pTSSig7-i-;U/x^i3SLfcffitg 
* y ^ i: L T «tf# L T *> * L\> 

[0 15 9] T*"6tCx 7 T-fySr-mftft 4 4 ±(Cl*7 
7"f >^-ffl*m>ft¥&5 3#E@LT£3o C07? 

it. ^IE3ia&WTfeS#PXyX/*5 5(D*1S^5 7± 
tcmfiK*n-5„ CKD^K'J X'JX^.5 5(D^7a(C«, iEit 

ie^ic* n/c^^K^#BS^ e ic^ < mmx¥%: 5 9^ 

5 3 <DAim mmyt¥& s 9 nm&m 
[0160] c<DJ:-pic*g/5E?nrc^v ; ^;u*^^4 o 

M»T\ W£<. ^-r/Uf-^SBET^S/^-y^^* 
-*X(0^$^X-L,U>XT^SOT\ ^1416 MSU 

>X(Wtss#Ty ffl»f siaa**^*^* ^ 5 4 0 

|6)U:>iA,TV£cDT\ ^y^o^^kicjaj^*^^.., * 

LTx CKDJc^^^SJ/fyftlf^lRj^S^'t, 77 7-> 
i4 6 4 1 ©AftffiJ: »J fci^lCffiB* it 



BOy&SZMmzZZ 1^(77 He U9«fc<7>?&«. 
[0161] B2 1 OfflVte. I3l^-mi5 0 <h 

LT^T^SffifciEELTl^Jb^ /\ 0, 7-^Jto/cU> 
X^ffl^TtJ:^ «/cs 3tl»iD»Tytttf^lRlt*v 

[0 16 2] *«W©«S«^^««*HSs^^i: 

1 t rt is Tjrn /-c it m mm^ m 0— m z& * / \* v =1 > # b 

2 2~B2 4lCjj^*lS. i2 2l*/\'V=l>3 0 0CD* 

/f-*Hl*fctt£9HM& 0 2 3«/\V=l>3 0001 

3 0 3 CDBtEHs B 2 4 «B 2 2 £D#Jgtf>fflJ05 
BT3d3<, E2 2~E2 4(C^*n-5J:-plC, /\°y=J> 

3 0 0«, ^SP^6!Nlf^#« < 1f^ : &A7:'rS/c«>CD+- 

f£<b, 1f^«f^#lC^-rS ; E--S'-3 0 2t. SfN 

#@#^>jaia<D««s^-r^rc»ro}iiJ)i6^3 o 3 1 

*SLTt^. CCT\ ir^-3 0 2H B^L&1> 

^ ffl»^^3 0 3l*. t-^-3 0 2^±lCF<gM 
tftlTt^*^ ^OJSRFrlcKe-r\ =E=*-3 0 2(D^ 
ffl^ K3 0 1 O^BO^ClT^^TtJ:^ 

[0 16 3] C(D1M¥«3 0 3H ffl^K3 0 4 
±(C *^lcJ:^«iJ?l«Hfife^J1 cD^tffyfttfX- 

/xu>xfr6&-5*ntou>xi 1 2^, «*sy£-r*ti 

«I?f77l6 2i5fLTl>5. ZLt\fb\ti^vz\y 
3 OOtCrtS^nTt^So 

[0 16 4] CCT% itt?f7 7l 6 2±.iCltK¥ 

ffan-z^y^civ^-LF mmmc^ y 6 tlTS 

®IL--y hi 6 0 <t LT— WCflJfiE^tU »l/yXl 

1 20^1 1 3<v&mter?y* y ^mub^txTm 

yW+RTSIlC3S:oTl^/c». ^%|U>X1 1 2<hJi^ 

t?f7 7i 6 2 o^/C^te-e-^spapi^sift^^T- 

«y> ffllci^^i^oTt^c £/c> 1 3CD5t 

«b (b^bs) (c«> w»i/>xi 1 2€-«a-r«./c«>© 

A/t-S'7X 1 1 4#<EB*tlT^-5c m^l 1 

[0165] mmm^rvzfi e 2 -rswfnfcWMi 

ti, Js5?16 6^LT^ /N°V3>3 0 OC^SaS^etC 
A7}£*U «?iii^<!:LT : e--S'-3 0 2lc«^*ti 

B2 21C«, ^O-fflJtLTv «##<7)}i^*+lfc 
B«3 0 5<)%*tlT^5. $/cx C:oat3 0 5(i, 

[0 16 6] ^(c, *«^(DJSi»^3S««lSfBJtt^»i: 

Lztomztircffim&m%iW<D-m-e'&%nm. men 
%mmzmw*m&nti&tfw 2 5 K^na, b 2 5 
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(a) l*J8?g®fS4 0 0<DIEBEk El 2 5 (b) teffliJM 
EU El 2 5 (c) «^KJ16^4 0 5<DWrSEJT^5o 
El 2 5 (a) ~ (c) icij^ftSJ:-?^ St?gffifi§4 0 
01*. tif£g<D;S£til8.t UTA^T^-f^SM 0 1 
it, jlgffl*«7)^ai73-r*Xtf-*g|54 0 2<!:s 
#^1f«^A7J-r*A7J^'r7 7 ;U4 0 3<!:, J£fE*e# 

- 9~ 4 0 4 »Btt¥K4 0 5 JUlS&O&fl 
<h§ffi : &^37 7 >7 1 ^-4 06i, MMimMKMHMU 
A*lfl»*©«a*fT o!m^& mTjkH?) £*GL 
Tl^, =E—^f-A 0 4 JiTSSS^^TS 

5n£l\ C<7>JffKft^4 0 5fci\ SU*6S&4 0 7± 

tfX-^UVXfre&^fcTC&lL^Xl 1 2<k, im*®* 

t*v ^aiS4ooicrtig^nT^. 

[0 16 7] Iitff7 7'1 6 2±IC(*^ 

m3.-y h i 6 o t lt— »ic»«*tu trnvsyxi 

1 2<D8!#1 1 3(D^4sBtC7>"5J^^Tffi546ii*tVTU 
yWtRTfi6lCSoTl^fca6> fctf&U^Xl 1 2<tffi® 

fffy7"1 6 2 ro*,Lx£fo-t£-¥>®F£racD!B$!#T5r 
3&y. *§3l)!)^m<!:J5:oTl^o £fc, Sl#1 1 3CD$t 
las (EI/^BS) let*. fcftifoU^Xl 1 2 ^ars/ito© 
*/*-2f5X1 1 4#S3E*ftTL^. i»1 1 

3 *P<DX-1± l> >XWIBft&«^*EI^ : &*^T3&3>o 
[0 16 8] JSUifs^-yX 1 6 2 T'gft;* tl/c^lfls:® 
li, 4ir?1 6 6£*>LT> 0jj*LTf>*l^«ra*®U:A 
7J*tlv B?li^<!:LT : E--S»-4 0 4lC, Xti^ ilf§ 

{§*i#ic®^jii«-r*ii^ a^m^-yXi 6 2T- 

[0 16 9] U±<D*&Bf}<DX-JUl'>X£ : ?n%:m^ 

•So 

[0170] ci) %9f$ffiy J; y niic ^fgnsnscDig 

1 U>Xgf. ftOS*ff73^*L^B$lC^B)-r5m2U 
>XP. IE<0/SJ/f73^©LSmiC^®j-r^M3 UVX 

Sg4U>XS¥£WU buIB^I U>XSfli« ^ttflJfrS 
PKc, qattffiiUcflE^lRl^/cfty-X^XI^VX, #88 

ftTl^ C <!: fcftSlEi: t" U >X. 

[0171] C2) VDi$m£vmic. smssrom 

>XS*x IEroSiff73^«LS1g^c^ifi-r*m3 u>x 



UT, 1513813 U>X^<DSm^»lC^LTH5f3^ 
4 U>Xgf<D^»)Dl^iS^|S)<!:^5Ct^S!<fr^ 
X-AU>X. 
[0 17 2] [3) *IIBil4M[dftl3lc£l v ?s 8MB 
Ig3 U>XefcOSfgB$©^aicJ*LTBijfB^4 U>XP 

£>X-AUVX. 

[0 17 3] C4) ^ttff^cMIB^4 U>X8tf> 
9*&®W)?ZZ. £**«fc*-*±E 1 #6 3 OfilftftM 
3HBK0X-AU>Xo 

[0 17 4] C5) 1513^3 U>Xi¥l*IEU>X<!:ft 
U;/X££8£Lfd££U>X/£#£'>&< 1 

tc-o. m§5&3i'>xmi*nm<DMWmmTmf$ 

■ZtlTc'3>1*< it i •zxDiyyx^^tsz.t^mt 

f £±13 1 #6 4 OfpJttfr 1 JHBK<DX-/x UVXo 
[0 17 5] (6) ttTO^ft ( 1 ) s (2) £3S£ 

-r 5 c <t *&mt r 3±§3 1 x« 3 fsttox- ix i> > 

Xo 

[0 17 6] 

(1) 1. 4<- f 11//" (f W • f T ) <2. 4 

(2) 1. 2<f 12//" (f\» ' fl ) <2. 2 
fc/cU f nt*^1 U>XP©m^<-X*XU>XCD^ 
ij%EMU f 121*^1 U>XP<DIEU>X<DJ£j5E&Stx f 

[0 17 7] (7) BUIBSWJt^^J-XT^fr 
(4) &m&?2>Zf , JXlxlZTMmLrcZ: 
£±!3 1 6 N 6 6 COfRltlfr 1 miEW,(0X-k. ls>Xo 
[0 17 8] (4) 1.5 5<n pr j 

/cfeu n P ri t*mi UyXPOXyXACDdSigKfcrr 

[0 17 9] (8) iXT<0^^3SST5c:<!:*^ 
<bT£±f3 1 3b^6 7 W^nfr 1 m5W,(DX-Ul'>Xo 
[0 18 0] (a) 1 . 8< f T /f W 

[0181] C9) 1513^1 U>X^iEtDJSJ/f73S 

buI3^2 \y>xmtmim3 is>xm#i& 
t<o^#5C (5) . (6) , (7) «auer 

SSt<fr«±I3 1 fr6 8(7)^^ 1 ^f3®<7)X-i*U> 

x„ 

[0182] (5) 0. 4<-/32W<1. 2 

(6) 0. 1<-/3rw<0. 5 

(7) 0<log yR /log y2 <1. 3 

fete l> p2vitMmmn^m^<D!un^zisif^ 2 
ifzm3 is>xmt : ztv>mv>±T<Di>>xm£(D'&tiL 

5S2 U>Xgf(Dfg*^/32T<tL/c:<i:^tD/32T//32W-. 
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Rjt L/c t Z <t> (3 RT / P RWT'fcSo 

[0 18 3] do] Miami u>Xi¥<hiJfBm2 u 

>XS¥6UXT©^iC (8) % (9) ^S-rSCt^ 
&Wt£T &±I3 9 IBtt©X- A U>X„ 
[0 18 4] 

(8) 1. 6<f i //" (fw • fj ) <6. 0 

(9) 1.1 <-f2 /f (fw ' fT ) <2. 2 
fc/cU fl ttlfn U>XP<D8U5ffigfL f2 

>Xf¥<mssES5Ss f W% f T ti^-n^tiX-Auyx 

[0 18 5] (11) M!Bm3U>Xi¥<!:^hJ.XP*<*> 
^T<^UVXafi:(D^fiK^ TI3<D3M*5£ (10) 5 
tSIZTZZ: 2>±%Z93Ut1 OIBKOX-A 

U>Xo 
[0 18 6] 

(10) 0. 8< f RW//" (f W • f T ) < 1 • 7 

T tt^ftWiX-.kUVX^SRflMEfcWk KMOMjA 
[0 18 7] (12) (513^3 U>XS¥rtKJ-XT©& 

(b) ssist %ww®nca<D&H&f&mfreizz> 
wmmt. wt*a^c (c) Hoffi* 

9 6 1 1 OfiltV^ 1 jsibkcdx-z* u vx<, 

[0 18 8] (b) 0<Rp /f W <2 

(c) 0<Rn /f W <4 
fc/cU Rp » Rn ttttiWRttB* fgfffcffiW6Wl± 
?<Dtt*¥& f W ttX-ZxU^X^»©J!£ft«8©^ 

[0 18 9] (14) Mf3SH3 UVXgfi^ttW&tf) 

gTOUVXK&OdiSXtf* TI3<0*friC (ID* 
3SETSC£*&tt£r£±E9&&1 2 4>ffltuEM4l 
I3«OX-AU>X. 

[0 19 0] (11) 1. 0<fRT/fRW<2. 5 
tztcU f RwttJ£ft8HC*5tt*|g3 U>XP<h*-*UXP3 
0^T© U VXSfiCD^fiR^ro^jS^^gls f RT«M 

>tiffiicj5tt£m3 uvxefi^nj-x^^T^u^xp 
[0191] ci4) mmmvB&GM&fCDmiSizTs 

BU83J&3 UVXffif££fc4£J; U fcOilttlcTWtllllcft 
ft* ^ S5I3I& 4 U>Xg*£j£fcl£ J: »J ^SJSiisKT® 
ffliJlc^®j*-a:5c:<!:*1tSlfr^±l3 1fr51 3aMnjn 

1 Jgf3ttcoX-.kU>Xo 
[0192] (15) MI3^2 U>X8¥, b5I3^3 U 

>Xi¥<tMI3IM UVX^jbUXTO&ttiC (12), 
(13) £iSE-r£>C<h£!m&£:-r5±!31 4§3«<DX 



[0 19 3] 

(12) 0. 2 0<-M3/Wl2<1- 5 0 

(13) 0. 1 5<-M4 /M3 < 1 . 0 0 

[0194] (16) MiBm4 UVXtttf JXTOatft 
xt (1 4) fc^ST*;: -f*±I34§3tttf>X 
-AUVXo 

[0 19 5] 

(14) 0. 1 0<D34W /f W <0. 7 0 

3 i<yxm£m4 \y>xmt(o^mm. f w «x-/» 

U>X^^CD/£ftJS(D«^SEgtT'2&^„ 

[0196] (17) SJI3SH 3 U >Xmt>\ %K*<S!iJfr 
6d(c, lEbVX.hfeL'^XcDJg^U'VXj&tt.bx j35E 
#*«iBT««* ntcm Is y XL <D 2 ffLft 3 fcKTtftffc 
C <t *^<h r 3±f 3 5 §3tt^)X- A U VX. 

[0 19 7] (18) buI3SI3 bVX8¥*)\ WMNfr 
e.Hltc, jSSffi^^STWm^+v/cmbVXts IEU> 
X £ ^ U > X<Djg£ \y > X/$# i: CD 2 3 *fc K TtSfiR 
3-ftfc£ <!: fittest <frs±§3 5 IBfcCDX-AUVXo 

[0198] (19) mlBS 3 U >Xmt>\ %lf*ffiiJfr 
6JEUVX* mu>X<0)HT^*nfc^U>X>r!6» 
6 & U , KJg^ U > XfiE^oa^WJH <h »^#Ji5 # 
#^®lCT«I^S-nfcC: i:*»tm<!:-rs±f3 5 IBSCDX 

-^u>Xo 

[oi99] (20) imem& I* z/xmto&MTo>$k 

# (1 5-1) ■*i&m.?Z>Z.ii* l ftmt:?Z>±%&1 713 
K<DX-LU>X, 
[0 2 0 0] 

(15-1) 1. 0 5<RC3/RC1<3. 0 0 
tctc U RciliJSa UVXfiE^glaflJffliJHrojtfiiT- 
<7>tt^¥Sv RC3««°L'>X^»<D«^ffiiJS<DJ l 6$i± 

[020 1] (21) b9I3«^ L' >Xfig»*UXTCD^ 
(1 5-2) *3iS-r«iI<!:^gl!i:-r*±B31 813 
«CDX-ZxU>X. 
[0 2 0 2] 

(15-2) 0. 2 5<RC3/RC1<0. 7 5 
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(54) ZOOM LENS AND ELECTRONIC IMAGE PICKUP DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a zoom lens easily provided with a 
constitution for deflecting an optical path and having high optical specification 
performance such as a high zoom ratioa wide viewing anglea small F value and 
little aberration. 

SOLUTION: The zoom lens has: a 1st lens group G1 fixed in power variation; a 2nd 
lens group G2 having negative refractive power and moving in power variation; a 
3rd lens group G3 having positive refractive power and moving in power variation; 
and a 4th lens group G4 having positive refractive power and moving in power 
variation and in a focusing operation. The 1st lens group G1 is constituted of a 
negative meniscus lens whose convex surface faces to an object sidea catoptric 
element P for deflecting the optical path and a positive lens in this order from the 
object side. The movement locus of the 4th lens group G4 is in a reverse direction 
to the movement of the 3rd lens group G3 in power variation in the case of 
focusing on an infinity object point. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 2nd lens group that has the 1st fixed lens group and negative 
refracting power at the time of variable powerand moves in order from the object 
side at the time of variable powerHave the 3rd lens group that has positive 
refracting power and moves at the time of variable powerand the 4th lens group 
that has positive refracting power and moves at the time of variable power and 



focusing operationand said 1st lens groupA zoom lens comprising a catoptric light 
study element for bending a negative meniscus lens and an optical path which 
turned a convex to the object side sequentially from the object sideand a positive 
lens. 

[Claim 2]The 2nd lens group that has the 1st fixed lens group and negative 
refracting power at the time of variable powerand moves in order from the object 
side at the time of variable powerln [ have the 3rd lens group that has positive 
refracting power and moves at the time of variable powerand the 4th lens group 
that has positive refracting power and moves at the time of variable power and 
focusing operationand said 1 st lens group has a catoptric light study element for 
bending an optical pathand ] the time of an infinite distance object point focusA 
zoom lenswherein a moving track of said 4th lens group serves as an opposite 
direction to movement at the time of variable power of said 3rd lens group. 
[Claim 3]The zoom lens according to claim 1 characterized by a moving track of 
said 4th lens group serving as an opposite direction to movement at the time of 
variable power of said 3rd lens group at the time of an infinite distance object 
point focus. 

[Claim 4]A zoom lens of three given in any 1 paragraph from claim 1 wherein only 
said 4th lens group moves at the time of focusing operation. 
[Claim 5] A zoom lens of four given in any 1 paragraph from claim 1 wherein said 
3rd lens group contains at least one lens component by which a field of both sides 
was constituted from an aspheric surfaceincluding at least one cemented lens 
component to which said 3rd lens group joined a positive lens and a negative lens. 
[Claim 6]The zoom lens according to claim 1 or 3 satisfying the following 
conditions (1) and (2). 

(1) 1.4<-f n /root(f w and f T ) <2.4 (2) It corrects 1.2<f 12 /root(f w and f T ) <2.2As for f n a 

focal distance of a positive lens of the 1st lens groupf w and f T of a focal distance of 

a negative meniscus lens of the 1st lens group and f 12 are the focal distances of a 

wide angle end of the zoom lens whole systemand a tele edgerespectively. 

[Claim 7]An electronic imaging device comprising: 

A zoom lens of six given in any 1 paragraph from claim 1. 

An electronic image sensor arranged on the image side. 

[Claim 8]An electronic imaging device which is provided with the following and 
characterized by said zoom lens satisfying the following conditions (3). 
Claims 1 and 3a zoom lens of six given in any 1 paragraph. 
An electronic image sensor arranged on the image side. 

(3) Air conversion length when 0.8<d/L<2.0however d are measured in accordance 
with an optic axis from an image side surface of a negative meniscus lens of the 
1st lens group to an object side of a positive lensand L are the diagonal length of a 
valid imaging region of an electronic image sensor. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to electronic imaging devices 
including the video camera and digital camera which realized slimming down of the 
depth direction by the device of optical system sectionssuch as a zoom 
lensespecially about a zoom lens and the electronic imaging device which used it. 
[0002] 

[Description of the Prior Art]In recent yearsthe digital camera (electronic camera) 
has attracted attention as a next-generation camera which replaces 35 mm of 
silver salt film (135 formats) camera. It has many categories increasingly in the 
range with a business-use highly efficient type to a portable broad spread type. 
[0003]In this inventiondepth is aiming to provide the art of realizing a thin video 
camera with good user-friendlinessand a digital camerasecuring high definition 
especially paying attention to a category portable spread type. 
[0004]it is the chief obstacle making the depth direction of a camera thin — an 
optical systemespecially a zoom lens system — it is thickness from the field by 
the side of an object to an imaging surface most. 

[0005]Although the optical system has projected the mainstream of the camera 
body slimming-down art in these days out of the camera body at the time of 
photographyit is adopting what is called a collapsible-mount-type body tube stored 
at the time of carrying. As an example of the optical system which has a possibility 
that a collapsible-mount-type body tube is adopted and it can slim down 
effectivelythere are thingssuch as JP1 1-194274AJP1 1-287953Aand JP2000- 
9997A. These have the 1st group that has negative refracting powerand the 2nd 
group including positive refracting power sequentially from the object side. 
It moves at both the times of variable power. 

Howeverif a collapsible-mount-type body tube is adoptedthe time for rising from a 
lens housed state to condition of use is takenand it is not desirable on user- 
friendliness. If the lens group by the side of an object is most made movableit is 
not desirable on water proof / protection against dust. 
[0006] 

[Problem(s) to be Solved by the Invention]This invention is made in view of such a 
problem of conventional technologyand the purposeln order to consider it as a 
camera with water proof / protection-against-dust top there is no rise time (a 
lens pushing out time) to the condition of use of a camera which is looked at by 
the collapsible-mount-type body tubeand preferred andand a very thin depth 
directionlt is providing the electronic imaging device using the zoom lens and it 
which composition straight with catoptric light study elementssuch as a 
mirrortends to take the optical path (optic axis) of an optical systemand have high 
optical specification performancessuch as a high zoom ratioa wide field anglea 
small F valueand little aberration. 
[0007] 



[Means for Solving the Problem]One zoom lens of this invention for attaining the 
above-mentioned purposeThe 2nd lens group that has the 1st fixed lens group and 
negative refracting power at the time of variable powerand moves in order from 
the object side at the time of variable powerHave the 3rd lens group that has 
positive refracting power and moves at the time of variable powerand the 4th lens 
group that has positive refracting power and moves at the time of variable power 
and focusing operationand said 1 st lens grouplt comprises a catoptric light study 
element for bending a negative meniscus lens and an optical path which turned a 
convex to the object side sequentially from the object sideand a positive lens. 
[0008]In order another zoom lens of this invention from the object side at the time 
of variable power The 1st fixed lens groupThe 2nd lens group that has negative 
refracting power and moves at the time of variable powerthe 3rd lens group that 
has positive refracting power and moves at the time of variable powerln [ have the 
4th lens group that has positive refracting power and moves at the time of variable 
power and focusing operationand said 1st lens group has a catoptric light study 
element for bending an optical pathand ] the time of an infinite distance object 
point focusA moving track of said 4th lens group serves as an opposite direction 
to movement at the time of variable power of said 3rd lens group. 
[0009]A reason and an operation which take the above-mentioned composition in 
this invention below are explained. 

[0010]In order a zoom lens of this invention from the object side at the time of 
variable power The 1st fixed lens groupComposition which has the 2nd lens group 
that has negative refracting power and moves at the time of variable powerthe 3rd 
lens group that has positive refracting power and moves at the time of variable 
powerand the 4th lens group that has positive refracting power and moves at the 
time of variable power and focusing operation is adoptedln order for there to be no 
rise time (a lens pushing out time) to condition of use of a camera which is looked 
at by collapsible-mount-type body tubeto consider the 1st lens group as 
immobilization at the time of variable power so that water proof / protection- 
against-dust top may also be advantageousand to make a depth direction of a 
camera very thinAt least one catoptric light study element for bending an optical 
path is provided in the 1st lens group of a lens system that is an object side most. 
[001 1]Howeverwhen a catoptric light study element for bending an optical path is 
provided in the 1st lens groupthere are the following two problems. 
[001 2]A. An entrance pupif becomes deepeach lens element which constitutes the 
1st lens group from the first with a big path is enlarged furtherand the completion 
of optical-path bending becomes a problem. 

[001 3]B. Magnification of a constructional system after the 2nd lens group that 
has a variable power function from the firstor the 3rd lens group becomes close to 
zeroand a variable power rate becomes low considering movement magnitude. 
[0014]Firstthe above-mentioned bending formation conditions are explained. 
Although zoom form like this invention is looked at by JP10-62687A and JP1 1- 
258507Afor examplelf a catoptric light study element for bending an optical path is 
provided in the 1st lens groupit will be in a tendency for an entrance pupil position 
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to become deep inevitablya path and size of each optical element which constitute 
the 1st lens group will be enlargedand optical-path bending will become difficult to 
be materialized physically. Thereforethe 1st lens group is good to constitute from 
a catoptric light study element for bending a negative meniscus lens and an optical 
path which turned a convexand a positive lensand to be satisfied with the object 
side of the following conditions sequentially from the object side. 
[0015] 

(1) 1.4<- f n /root(f w and f T ) <2.4 (2) 1.2<f l2 /root(f w and f T ) <2.2 (3) 0.8<d/L<2.0 (4) 
1 .55<n pri — howeverA focal distance of a negative meniscus lens of the 1 st lens 
group and f 12 f n A focal distance of a positive lens of the 1st lens groupf w and 
f T respectively A wide angle end of the zoom lens whole systemAir conversion 
length when a focal distance of a tele edge and d are measured in accordance with 
an optic axis from an image side surface of a negative meniscus lens of the 1st 
lens group to an object side of a positive lenslt is a refractive index of a medium 
to d line in case a catoptric light study element for L to bend diagonal length of a 
valid imaging region (approximately rectangle) of an electronic image sensorand for 
n pri bend an optical path of the 1st lens group is prism. 
[0016]In order to make an entrance pupil shallow and to make optical-path 
bending possible physicallyas shown in conditions (1) and (2)it is good to 
strengthen power of a lens element of both sides of the 1st lens group. A path and 
size of each optical element of upper limit of both conditions which constitute the 
1 st lens group if an entrance pupil is still deep when 2.4 and 2.2 are 
exceededrespectivelyand it is going to secure a certain amount of field angle are 
enlargedand optical-path bending becomes difficult to be materialized physically. 
Transverse-chromatic-aberration amendment of a distortion aberration etc. and 
amendment of a chromatic aberration become difficult at the same time it is easy 
to produce problemslike whether movement magnitude increases and magnification 
which a lens group which moves for variable power of a lower limit which will follow 
the 1st lens group if 1.4 and 1.2 are exceededrespectively can take becomes close 
to zeroand a variable power ratio becomes. 

[0017]Conditions (3) are regulations of length measured in accordance with an 
optic axis required in order to provide a catoptric light study element for bending 
an optical path. Although the smaller possible one of a value of this condition is 
goodif 0.8 of that lower limit is exceededlight flux which contributes to image 
formation of a screen periphery will not reach satisfaction in the image surfaceor it 
will be easy to generate a ghost, if 2.0 of upper limit is exceeded — conditions (1) 
and (2) — optical-path bending becomes difficult to be materialized physically in a 
similar manner. 

[0018]It is good to use an optical-path bending element of the 1st lens group as 
prism which differs in an entrance plane and a projection surface from curvature 
of a flat surface or a lens side of both sidesin order to shorten the air conversion 
length d of conditions (3)and to make the medium refractive index as high as 
possible like conditions (4) from the above viewpoint. If 1.55 of a condition (4) 
lower limit is exceededoptical-path bending will become difficult to be materialized 



physically. It is preferred that n pri does not exceed 1.90. If 1.90 is exceededprism 
will become expensive and it will become easy to generate a ghost by total internal 
reflection. 

[0019]It is better to perform as follows any one or more or all of condition (1) - (4). 
[0020] 

(1) — '1.5<-f n /root(f w and f T ) <2.2 (2)' — 1 .3<f 12 /root(f w and f T ) <2.0 (3) — 
'0.9<d/L<1.7 (4)' — to a 1.65<n pri pan. Conditions (1) It is still better to perform as 
follows any one or more of the - (4). It is best to perform especially all as follows. 
[0021] 

(1) in timewith "1.6<-f n /root(f w and f T ) <2.0 (2)" 1.4<f 12 /root(f w and f T ) <1.8(3) 
"1.0<d/L<1.5 (4)" 1.75<n pri . As for a zoom lens of this inventionit is desirable to 
satisfy the following conditions (a). 

[0022](a) 1.8<f T /f w however f w and f T are the focal distances of a wide angle end of 
the zoom lens whole systemand a tele edgerespectively. 

[0023]If 1.8 of a lower limit of this conditional expression is exceededa variable 
power ratio of the zoom lens whole system means being smaller than 1 .8. In this 
caseit is still more preferred that f T /f w does not exceed 5.5. Since a variable power 
ratio will become large and movement magnitude of a lens group which moves at 
the time of variable power will become large too much if 5.5 is 
exceededenlargement in a direction which bent an optical path takes placeand it 
becomes impossible to constitute a compact imaging device. 
[0024]Nextvariable power ratio reservation is explained. When the 1st lens group 
of this invention has positive refracting powercompared with a case where it does 
not have a catoptric light study element for bending an optical patha principal 
point position is on an image side clearly. Thenin the case of the same refracting 
poweran image point position by the 1st lens group will turn on an image side 
morenamelyan object point position over the 2nd lens group becomes further. 
Thereforeeven if magnification of the 2nd lens group approaches and moves to 
zerochange of a focal distance of the whole system decreases. In order to cancel 
ita focal distance of the 1st lens group is shortened (on the other handa whole 
system focal distance becomes shorter than predetermined.)and there is a method 
of lengthening a focal distance of the 2nd lens group to some extentand enlarging 
magnification. Since a variable power function can also be given to a 
constructional system after the 3rd lens group in this inventionit is possible to set 
up magnification and variable power rate relations of both skillfullyand to carry out 
variable power of the zoom lens whole system efficiently. Hereafterthe concrete 
condition is provided by the conditions (5)(6)and (7). 

[0025](5) 0.4<-beta 2W <1.2 (6) 0.1<-beta RW <0.5 (7) It corrects 0<log gamma R /log 
gamma 2 <1.3Magnification of the 2nd lens group [ in / in beta zw / a wide angle end 
at the time of an infinite distance object point focus ]Synthetic magnification of a 
constructional system of the 3rd lens group [ in / in beta RW / a wide angle end at 
the time of an infinite distance object point focus ]and all the lens groups after 
itbeta 2x /beta 2W when gamma 2 makes beta 2T magnification of the 2nd lens group in a 
tele edge at the time of an infinite distance object point focusgamma R is 



beta RT /beta RW when synthetic magnification of a constructional system of the 3rd 
lens group in a tele edge at the time of an infinite distance object point focus and 
all the lens groups after it is made into beta RT . 

[0026]each of conditions (5) and (6) — if 0.4 of a minimum and 0.1 are exceededa 
sufficiently high variable power rate is not obtained in the zoom lens whole 
systemor a move space will become large too much and size will be enlarged. A 
focal distance of the 1st lens group becomes short too muchit is sufficientthe 
PETTSU bar sum becomes largeand amendment of each aberration becomes 
difficult. If 1.3 of a maximum of conditions (7) is exceededchange of an F value by 
variable power or an exit pupil position becomes large too muchand is not 
preferred, if 0 of the minimum is exceededan entrance pupil will become deep too 
much — optical-path bending — physical — being materialized — hard — **. In 
the zoom lens whole systema sufficiently high variable power rate is not obtained 
anywayor a move space becomes large too much and size is enlarged. 
[0027]It is better to perform as follows any one or more or all of condition (5) - (7). 
[0028](5) — '0.4<- beta 2W <1.1 (6) — '0.20<-beta RW <0.45 (7)' — 0.15<log 
gamma R /log gamma 2 <1.2 — it is still still better to perform as follows any one or 
more of the condition (5) - (7). It is best to perform especially all as follows. 
[0029](5) — "0.6<-beta 2W <1.0 (6)" 0.25<- beta RW <0.4 (7) — "0.25 — < — in order 
to attain log gamma R /log gamma 2 < 1.0 condition (5) - (7)it is good to carry outas 
shown in the following conditions (8) and (9). 
[0030] 

(8) It corrects 1 .6<f/root(f w and f T ) <6.0 (9) 1 .1 <-f 2 /root(f w and f T ) <2.2As for f,a 
focal distance of the 2nd lens groupf w and f T of a focal distance of the 1st lens 
group and f 2 are the focal distances of a wide angle end of the zoom lens whole 
systemand a tele edgerespectively. 

[0031 ]If 6.0 of a maximum of conditions (8) is exceededa sufficiently high variable 
power rate is not obtained in the zoom lens whole systemor a move space will 
become large too much and size will be enlarged. If 1.6 of a minimum is 
exceededtransverse-chromatic-aberration amendment and chromatic aberration 
correction will become difficult. 

[0032]When 2.2 of a maximum of conditions (9) is exceededsince movement 
magnitude only for a part for magnification of the 2nd lens group to increase to 
obtain the variable power rate same on the other hand although variable power 
efficiency becomes good is proportional to a focal distanceit may lower efficiency 
on the contrary. When 1.1 of a minimum is exceededmagnification of the 2nd lens 
group is close to zeroand variable power efficiency is bad. 

[0033]It is better to perform as follows both conditions (8) and (9). [ both / either 

or] 

[0034] 

(8) — '1 .9<f/root(f w and f T ) <4.5 (9)' — 1.2<- f 2 /root(f w and f T ) <2.0 — further — 
any of conditions (8) and (9) — or it is still better to perform both as follows. It is 
best to perform especially both as follows. 
[0035] 
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(8) If "2.2<f 1 /root(f w and f T ) <3.0 (9)'' 1 .3<-f 2 /root(f w and f T ) <1.8now magnification 
of the 2nd lens group are set up highlyanother problem will occur. It is that the 
object point to a constructional system after the 3rd lens group that has a variable 
power function of become [ magnification of the 2nd lens group / 
high ]i.e.anotherbecomes farmagnification approaches zeroand variable power 
efficiency by a constructional system after the 3rd lens group falls. In order to 
cancel itthere are lengthening a focal distance of a constructional system after 
the 3rd lens group to some extent and a method of constituting so that a principal 
point may approach the image point of the 2nd lens group as much as possible. In 
the case of the formerit is good to fulfill the following conditions (10). 
[0036] 

(10) It corrects 0.8<f RW /root(f w and f T ) <1.7A composite focal length of a 
constructional system of the 3rd lens group [ in / in f^ / a wide angle end ] and 
all the lens groups after itf w and f T are the focal distances of a wide angle end of 
the zoom lens whole systemand a tele edgerespectively. 

[0037]If 0.8 of a lower limit of conditions (10) is exceededvariable power efficiency 
by a constructional system after the 3rd lens group will get worse. If 1.7 of upper 
limit is exceededvariable power efficiency will get worse for the same reason as 
conditions (9). It is (b) in the case of the latter in the 3rd lens group. It has at least 
one convergence side which is from an air contact surface of a convex on an 
object side with which it is satisfied of 0<R p /f w <2It is (c) from it to the image side. 
It is good to make it have at least one emission side which is from an air contact 
surface of concave on an image side with which it is satisfied of 0<R N /f w <4. 
HereRp and R N are the curvature radii on an optic axis of a convergence side and 
an emission siderespectively. When otherit is difficult to bring a principal point of 
the 3rd lens group close to the image point of the 2nd lens group. 
[0038]It is better to perform it as follows. 
[0039] 

(10) — * — 0.9<f RW /root(f w and f T ) <1.5 — it is best to perform it still as follows. 
[0040] 

(10) — " — 1 .0<f RW /root(f w and f T ) <1.3 ~ when carrying out variable power to a 
tele edge from a wide angle endin additiona direction to which a focal distance of a 
constructional system after the 3rd lens group is made to increase is especially 
preferred like conditions (1 1) for both. 

[0041] 

(1 1) It corrects 1 .0<f RT /f RW <2.5f RW is a composite focal length of a constructional 
system of the 3rd lens group in a wide angle endand all the lens groups after itand 
a composite focal length of a constructional system of the 3rd lens group [ in / in 
f RT / a tele edge ]and all the lens groups after it. 

[0042]If 1.0 of a minimum of conditions (11) is exceededthe variable power effect 
by a constructional system after the 3rd lens group will be thinmovement 
magnitude of the 2nd lens group will increasean entrance pupil position will 
become deepand the completion of optical-path bending will fall. If 2.5 of a 
maximum is exceededchange of an F value by variable power will become large 



easily. 

[0043]It is better to perform it as follows. 
[0044] 

(1 1) It is best for '1 .1<f RT /f RW <2.3 pan to perform it as follows. 
[0045] 

(1 1) in order to attain "1 .2<f RT /f RW <2.1 condition (1 Despecially an effective 
methodThe 3rd lens group allotted to image surface slippage as much as possible 
in a wide angle end in order to obtain a rate of high variable power originallyand a 
group after it are groups (henceforth) by the side of an object most, it is called the 
4th lens group. ******** — when bringing these near by the object side as much 
as possiblearranging them in a wide angle end conversely and carrying out variable 
power to the looking-far sideit is moving the 3rd lens group to the object sideand 
moving the 4th lens group to the image side on the other hand (at the time of an 
infinite distance object point focus). 

[0046]And it is good to satisfy the following concrete conditions (12) and (13). 
[0047] 

(12) 0.20<-M 3 /M 2 <1.50 (13) It corrects 0.1 5<-M 4 /M 3 <1 .00 As for M 2 movement 
magnitude of the 3rd lens group of a to [ from a wide angle end / a tele edge ] and 
M 4 are the movement magnitude of the 4th lens group of a to [ from a wide angle 
end / a tele edge ]and movement magnitude of the 2nd lens group of a to [ from a 
wide angle end / a tele edge ] and M 3 make a plus sign movement by the side of 
an imagerespectively. 

[0048]If 1.50 of a maximum of conditions (12) is exceededchange of an F value by 
variable power or an exit pupil position becomes large too muchand is not 
preferred. If 0.20 of a minimum is exceededan entrance pupil will become deep too 
much and optical-path bending will become difficult to be materialized physically. 
In the zoom lens whole systema sufficiently high variable power rate is not 
obtained anywayor a move space becomes large too much and size is enlarged. 
[0049]If 1.00 of a maximum of conditions (13) is exceededalthough magnification of 
a constructional system after the 3rd lens group becomes highsince a main moving 
group is the 4th lens group that bears a focusmagnification fluctuations at the 
time of a focus become large easilyand it is not preferred [ magnification 
fluctuations ]. If 0.15 of a minimum is exceededa principal point position of a 
constructional system after the 3rd lens group will keep away from the image point 
of the 2nd lens groupand a focal distance of a constructional system after the 3rd 
lens group will become [ whether variable power efficiency falls and ] easilyor 
unreasonableness will arise in lens constitution after the 3rd lens groupand 
aberration compensation will be restricted. 

[0050]It is better to perform as follows both conditions (12) and (13). [ both / 

either or ] 

[0051] 

(12) It is still better for '0.30<-M 3 /M 2 <1 .40 (13) ? 0.20<-M 4 /M 3 <0.80 pan to perform 
as follows both conditions (12) and (13). [ both / either or ] It is best to perform 
especially both as follows. 



[0052] 

(12) It is good to perform [ which is ''0.40<-M 3 /M 2 <1.30 (13)" 0.25<-M 4 /M 3 <0.60 ] 
a focus by the 4th lens group. In that caseit is good to fulfill the following 
conditions (14). 
[0053] 

(14) 0.10<D 34W /f w <0.70 however air spacing of the 3rd lens group at the time of an 
infinite distance object point focus [ in / in D 34W / a wide angle end ] and the 4th 
lens groupand f w are the focal distances of a wide angle end of the zoom lens 
whole system. 

[0054]If 0.10 of a minimum of this conditional expression is exceededthere will be 
no space where it moves for a focusand the 3rd lens group and the 4th lens group 
will tend to interfere. If 0.70 of a maximum is exceededmovable spaces for variable 
power run short easily conversely. 
[0055]It is better to perform it as follows. 
[0056] 

(14) It is best for '0.1 5<D 34W /f w <0.60 pan to perform it as follows. 
[0057] 

(14) When the focus of "0.20<D 34W /f w <0.50 one side and the 4th lens group is 
moved and carried outit is in a tendency for astigmatism to collapse greatly 
genera ||y. it i s easy to generate when residual astigmatism to the 3rd lens group is 
especially amended by the 4th lens group. Thereforeboth refracting interfaces of 
any one lens component of the lens component containing a cemented lens 
component which constitutes the 3rd lens group are good to consider it as an 
aspheric surface. Since a chromatic aberration is also good to amend in the 3rd 
high lens group of beam-ofHight quantity generallyit is good for the 3rd lens group 
to make it at least one cemented lens component of a positive lens and a negative 
lens included. In accordance with an optical pathonly both sides touch spaceand a 
lens component is a lens which does not have an air contact surface in an optical 
path other than itand means a single lens or a cemented lens here. 
[0058]Composition by two groups [ three ] of a single lens whose cemented lens 
component and both sides of a positive lens and a negative lens are aspheric 
surfaces sequentially from the 1 object side when composition of the 3rd lens 
group is stated more to details2) As for both air contact surfacesequentially from 
the object sideit is good any of composition ** by one groups [ two ] of only a 
cemented lens component of a positive lens and a negative lens which are 
aspheric surfaces they are sequentially from a composition side by two groups 
[ three ] of a cemented lens component of a single lensa positive lensand a 
negative lens whose both sides are aspheric surfacesand the 3 object side. In the 
case of whichrelative eccentricity sensitivity of the lens elements which constitute 
the 3rd lens group can be eased by these junction. 

[0059]It is good to fill the following conditions (15-1) and (15-2) (conditions about 
aberration compensation (15-3) and eccentric sensitivity relaxation) corresponding 
to the composition types 12and 3 in such 3rd lens grouprespectively. 
[0060] 
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(15-1) 1.05<R C3 /R C1 <3.00 (15-2) 0.25<R C3 /R C1 <0.75 (15-3) It corrects 
1.20<R C3 /R C1 <3.60R C1 is a curvature radius on an optic axis of the maximum object 
side of a cemented lens componentand R c3 is a curvature radius on an optic axis 
of the maximum image side surface of a cemented lens component. 
[0061]If each maximum 3.00 of these conditions (15-1)(15-2)and (1 5-3)0.75and 
3.60 are exceededit is advantageous to a spherical aberration and a coma 
aberration of whole system aberrationand astigmatic amendmentbut there are few 
effects of relaxation of eccentric sensitivity by junction. If 1 .05 of each 
minimum0.25and 1 .20 are exceededa spherical aberration and a coma aberration of 
whole system aberrationand astigmatic amendment will become difficult easily. 
[0062]It is better to perform it as follows. 
[0063] 

(15-1) It is best for '1.15<R C3 /R C1 <2.50 (15-2) U30<R C3 /R C1 <0.65 (15-3)' 

1.40<R C3 /R C1 <3.00 pan to perform it as follows. 

[0064] 

(15-1) "1.25<R C3 /R c1 <2.00(15-2r0.35<R C3 /R c1 <0.55 (15-3)" — 1.60<R C3 /R C1 <2.40 
— furtherlt is good to fill conditions (16-1) about the following chromatic 
aberration correction(17-1)(16-2)(17-2)(16-3)and (17-3) corresponding to the 
composition types 12and 3 in the 3rd lens grouprespectively. 
[0065] 

(16-1) -0.7<L/R C2 <0.1 (17-1) 10<nu cp -nu CN (16-2) -0.5<L/R C2 <0.3 (17-2) 20<nu CP - 
nu CN (16-3). -0.9 — < -- L/R C2 <-0.1 (17-3) 10<nu CP -nu CN — howeverDiagonal 
length (mm) of a valid imaging region of an electronic image sensor and R C2 L A 
curvature radius on an optic axis of a plane of composition of a cemented lens 
component of the 3rd lens groupnu CP is an Abbe number in d line standard of a 
medium of a positive lens of a cemented lens component of the 3rd lens groupand 
nu CN is an Abbe number in d line standard of a medium of a negative lens of a 
cemented lens component of the 3rd lens group. It is a premise to use it about an 
electronic image sensorso that a wide angle end field angle may contain not less 
than 55 degrees. 

[0066]a minimum of conditions (16-1)(16-2)and (16-3) — if -0.7-0.5and -0.9 are 
exceededrespectively — an axis — a top tone — advantageous to amendment of 
aberration and the chromatic aberration of magnification — butEven if it is easy to 
generate a chromatic aberration of a spherical aberration and a spherical 
aberration especially in a reference wavelength can amend goodsince a spherical 
aberration of short wavelength will be in an exaggerated correction state and 
causes a blot of a color in a pictureit is not preferred. If maximum each 0.10.3and 
-0.1 are exceededan axis top chromatic aberration and the chromatic aberration of 
magnification will be in a under correction state of a shortage of amendmentor a 
short wavelength spherical aberration easily. 

[0067]a minimum of conditions (1 7-1 )(1 7-2)and (17-3) — if 1020and 10 are 
exceededrespectively — an axis — a top tone — aberration becomes the 
shortage of amendment easily. It may be provided in conditions (1 7-1)0 7-2)and 
(17-3) that 90 is not exceeded as a maximum. Combination of a medium exceeding 



the upper limit 90 does not exist in a nature. It is preferred to keep nu CP -nu CN from 
exceeding 60. Material to be used will become expensive if the upper limit 60 is 
exceeded. 

[0068]any of conditions (16-1) and each of (1 7-1 )(1 6-2)(1 7-2)0 6-3)and (17-3) — 

or it is better to perform both as follows. 

[0069] 

(16-1) '-0.6<L/R C2 <0.0. (17-1) '15<nu CP -nu CN . (16-2) To a '-0.4<L/R C2 <0.2(1 7- 
2) , 25<nu cp -nu CN O6-3)'-0.8<L/R C2 <-0.2 (17-3)' 15<nu cp -nu CN panconditions (16-1) 
and (17-1)It is still better to perform as follows both 06-2)0 7-2)0 6-3)and each 
(1 7-3). [ both / either or ] It is best to perform especially both as follows. 
[0070] 

(16-1) "-0.5<L/R C2 <-0.1. (17-1) "20<nu CP -nu CN . (16-2) About "-0.3<L/R C2 <0.1 
(17-2) "30<nu C p-nu CN (16-3)' / -0.7<L/R C2 <-0.3 (17-3)" 20<nu CP -nu CN and the 4th 
lens grouplt is good to constitute from one positive lens component and to satisfy 
the following conditions (18) and (19). 
[0071] 

(18) -4.00<(R 4F +R 4R )/(R 4F -R 4R ) <0.0 (19) It corrects 0.10<L/f 4 <0.70As for a 
curvature radius on an optic axis of a field by the side of an object of a positive 
lens componentand R 4R diagonal length of a valid imaging region of an electronic 
image sensor and f 4 of a curvature radius on an optic axis of a field by the side of 
an image of a positive lens component and L are [ R 4F ] the focal distances of the 
4th lens group. 

[0072]If 0.0 of a maximum of conditions (18) is exceededa principal point of a 
constructional system after the 3rd lens group keeps away easily from the image 
point by the 2nd lens groupand is not preferred in respect of variable power 
efficiency. If -4.00 of a minimum is exceededan astigmatic change at the time of a 
focus will become large easily. 

[0073]When 0.70 of upper limit of conditions (19) is exceededan effect of moving 
the 3rd lens group and the 4th lens group to a counter direction at the time of 
variable power stops showing up. If 0.10 of a lower limit is exceededmovement 
magnitude of the 4th lens group at the time of a focus becomes large too muchand 
is not preferred. 

[0074]It is better to perform as follows both conditions (18) and (19). [ both / 

either or ] 

[0075] 

(18) It is still better for -3.60<(R 4F +R 4R )/(R 4F -R 4R ) <-0.40 (1 9) ? 0.1 5<L/f 4 <0.60 pan 
to perform as follows both conditions (18) and (19). [ both / either or ] It is best to 
perform especially both as follows. 
[0076] 

(18) To "-3.20<(R 4F +R 4R )/(R 4F -R 4R ) <-0.80 (1 9)"0.20<L/f 4 <0.50 pansince the focal 
distance is long also about the 2nd lens groupSequentially from the object 
sidecompositiona negative lens and a positive lensof two sheets is enough. It is 
good to fulfill the following conditions (20) and (21) in relation to the 1st lens group. 
[0077] 



(20) -0.80<(R 1PF +R 1PR )/(R 1PF -R 1PR ) 
<0.90 (21) -0.10<(R 2NF +R 2NR )/(R 2NF ~R 2NR ) 

<2.00however R 1PF A curvature radius on an optic axis of a field by the side of an 
object of a positive lens of the 1st lens groupAs for R 1PR a curvature radius on an 
optic axis of a field by the side of an object of a negative lens of the 2nd lens 
group and R 2NR of a curvature radius on an optic axis of a field by the side of an 
image of a positive lens of the 1 st lens group and R 2NF are the curvature radii on 
an optic axis of a field by the side of an image of a negative lens of the 2nd lens 
group. 

[0078]If 0.90 of a maximum of conditions (20) is exceededit will be easy to 

generate the high order chromatic aberration of magnificationand if -0.80 of a 

minimum is exceededan entrance pupil will become deep easily. 

[0079]If 2.00 of a maximum of conditions (21) is exceeded and a coma aberration 

will exceed -0.10 of a lower limitit will be easy to generate barrel-distortion music 

aberration. 

[0080]It is better to perform as follows both conditions (20) and (21). [ both / 

either or ] 

[0081] 

(20) -0.50<(R 1PF +R 1PR )/(R 1PF -R 1PR ) 
<0.70 (21) ? 0.20<(R 2NF +R 2NR )/(R 2NF -R 2NR ) 

It is still better for <1.50 pan to perform as follows both conditions (20) and (21). 

[ both / either or ] It is best to perform especially both as follows. 

[0082] 

(20) — " -0.20<(R 1PF +R 1PR )/(R 1PF -R 1PR ) 
<0.50 (21) "0.50<(R 2NF +R 2NR )/(R 2NF -R 2NR ) 

It is premised on it being <1.00 that all the wide angle end field angles are not less 
than 55 degrees in an electronic imaging device of this invention. These wide angle 
end all the field angles of not less than 55 degrees are wide angle end field angles 
for which an electronic imaging device is usually asked. 

[0083]It is desirable for the wide angle end all the field angles to be 80 degrees or 
less. If all the wide angle end field angles exceed 80 degreesit will become difficult 
for a distortion aberration to happen easily and to constitute the 1 st lens group 
small. Thereforeslimming down of an electronic imaging device becomes difficult. 
[0084]As mentioned abovealthough a thickness direction was made thin about a 
zoom lens parta means which makes image formation performance good was 
provided. 

[0085]Nextreference is made about an affair which makes filters thin. An infrared- 
absorption filter which usually has fixed thickness in an electronic imaging device 
so that infrared light may not enter into an imaging surface is inserted in the 
object side rather than an image sensor. It considers transposing this to thin 
coating. Although it is a translation which becomes naturally that much thinthere is 
a secondary effect. Rather than an image sensor in zoom lens system backto the 
object sideif transmissivity (tau 700 ) in 700 nm introduces 8% or less of near-infrared 
sharp cut coat not less than 80%transmissivity (tau 600 ) in wavelength of 600 



1 



nmtransmissivity of a not less than 700-nm near infrared region being lowand 
rather than an absorption typeTransmissivity by the side of red becomes high 
relativelya magenta-ized tendency by the side of purple-blue which is a fault of 
solid state image pickup devicessuch as CCD which has a complementary color 
mosaic filteris eased by gain adjustmentand color reproduction of the solid state 
image pickup device averagessuch as CCD which has a primary colors filtercan be 
obtained. Color reproduction of what has reflectance strong against a near infrared 
region like not only the primary color complementary color but vegetation or body 
warmth is improved. 

[0086]Namely(22) tau 600 /tau 550 >=0.8 (23) It is desirable to fill tau 700 /tau 550 <=0.08. 
Howevertau 550 is the transmissivity in wavelength of 550 nm. 
[0087]It is better to perform as follows both conditions (22) and (23). [ both / 
either or ] 

[0088](22) It is still better for 'tau 600 /tau 550 >=0.85(23) f tau 7OO /tau 550 <=0.05 pan to 
perform as follows both conditions (22) and (23). [ both / either or ] It is best to 
perform especially both as follows. 

[0089](22) Another fault of solid state image pickup devicessuch as 
''tau 600 /tau 550 >=0.9 (23)" tau 7O0 /tau 550 <=0.03CCDis that sensitivity to wavelength of 
550 nm of a near ultraviolet region is quite higher than that of human being s eye. 
This is also highlighting a color blot of an edge part of a picture by a chromatic 
aberration of a near ultraviolet region. It is fatal if especially an optical system is 
miniaturized. Thereforea ratio to it (tau 550 ) in 550 nm of transmissivity (tau 400 ) in 
wavelength of 400 nm is less than 0.08If an absorber that a ratio to it (tau 550 ) in 
550 nm of transmissivity (tau 440 ) in 440 nm exceeds 0.4or a reflector is inserted on 
an optical pathA required wavelength band is not lost on color reproduction (have 
maintained good color reproduction)but noisessuch as a color blotare reduced 
considerably. 

[0090]Namely(24) tau 400 /tau 550 <=0.08 (25) It is desirable to fill tau 440 /tau 550 >=0.4. 
[0091]It is better to perform as follows both conditions (24) and (25). [ both / 
either or ] 

[0092](24) It is still better for , tau 400 /tau 550 <=0.06(25)' tau 440 /tau 550 >=0.5 pan to 
perform as follows both conditions (24) and (25). [ both / either or ] It is best to 
perform especially both as follows. 

[0093](24) As for "tau 400 /tau 550 <=0.04 (25)" tau 440 /tau 550 >=0.6in addition a setting 
position of these filtersbetween an image formation optical system and image 
sensors is good. 

[0094]On the other handsince in the case of a complementary filter substantial 
sensitivity is high and advantageous also in resolving compared with height of the 
transmitted light energy to CCD with a primary colors filtera merit when small 
CCD is used is size. 

[0095]In order to make an optical system thin shortit is good to make it as thin 
also about an optical low pass filter which is another filter as possible. Although an 
optical low pass filter generally uses a birefringent action which an uniaxial crystal 
like crystal hasA range of an angle which a crystal axis makes to an optic axis of a 



zoom lens is 35 to 55 degreesAnd when the direction of [ when each crystal axis 
is projected on the image surface ] contains plurality differentrespectively or an 
independent crystal optical low pass filterit is good to fulfill the following 
conditions for thickness t^p (mm) of a filter with the thickest thickness that met 
on a zoom lens optic axis in it. 
[0096] 

(26) 0.08<t LPF /a<0.16 (at the time of a< 4 micrometers) 
0.075<t LPF /a<0.15 (at the time of a< 3 micrometers) 

Howeveras for t LPF (mm)thickness of an optical low pass filter in which an angle 
with that to make has one crystal axis in the range of 35 to 55 degrees most 
thickly in accordance with an optic axis of a zoom lensand a are a horizontal 
picture element pitch (unit mum) of an electronic image sensor. 
[0097]In an optical low pass filter which comprised one sheet or two or more 
sheetsthe thickness is set up so that theory top contrast may become zero with 
nyquist threshold frequencyand the thickest things are about a/5.88 (mm). When it 
is made thicker than thisthere is an effect in prevention of an alias like a moire 
patternbut if it becomes impossible to fully demonstrate resolution which an 
electronic image sensor has and it is made thinan alias like a moire pattern cannot 
fully remove. Howeversince an alias like a moire pattern is deeply connected also 
with image formation performance of taking lensessuch as a zoom lensand it is 
easy to generate an alias like a moire pattern when image formation performance 
is highwhen an optical low pass filter is a little thicker and reverseit is good to set 
up thinness a little. 

[0098]On the other handin order that contrast of a frequency component beyond a 
nyquist limit may decrease under the influence of diffraction of an imaging lens 
system as a picture element pitch becomes smallgenerating of an alias like a moire 
pattern decreases. Thereforecontrast in spatial frequency below several percent 
thru/or frequency which is equivalent to a nyquist limit rather when it is made thin 
about tens of% improvesand it is more desirable than a/5.88 (mm). 
[0099]It is better to perform it as follows. 
[0100] 

(26) '0.075<t LPF /a<0.15 (at the time of a< 4 micrometers) 
0.07<t LPF /a<0.14 (at the time of a< 3 micrometers) 
It is best to perform it as follows. 
[0101] 

(26) "0.07<t LPF /a<0.14 (at the time of a< 4 micrometers) 
0.065<t LPF /a<0.13 (at the time of a< 3 micrometers) 

moreover — a — < — four — micrometer — setting — an optical low pass filter 

- thin — carrying out — passing — if — processing — being difficult — a sake - 

- not much — thin — not carrying out — that is — conditions — ( — 26 — ) — (- 

- 26 — ) — ' — ( — 26 — ) — " — a maximum — exceeding — even if — 
contrast — zero — becoming — spatial frequency (cut off frequency) — high — 
carrying out — an option — it is . It is making it an angle which a crystal axis of 
an optical low pass filter makes to an optic axis of a zoom lens be 55 to [ the 



range of 15 to 35 degreesor ] 75 degreesor omitting an optical low pass filter 
depending on the case. It becomes less than a time of discrete quantity to an 
ordinary ray and an extraordinary ray of incident light being about 45 degrees in 
the range of this angleand when it becomes 0 degree or 90 degreesit stops 
dissociating (howeverin the case of 90 degreesspeed difference takes lessons 
from bothand phase contrast generates it — principle of lambda/4 board). 
[0102]Since image formation performance of high spatial frequency which balanced 
it under influence of diffraction will deteriorate if a picture element pitch becomes 
small like the above-mentionedit is difficult to enlarge the f number. Thereforea 
kind of aperture diaphragm when a camera is used is good only also as two 
kindsbig opening of degradation by geometric aberrationand a diaphragm value near 
the diffraction limit. In that caseit is good even if there is no above-mentioned 
optical low pass filter. 

[0103]Especially a picture element pitch is smalland when image formation 
performance at the time of opening is the bestnot using a method of an inside 
diameter being variable or replacing with what differs in an inside diameter as a 
means to regulate incoming beam size to an imaging surfaceit is always good [ an 
inside diameter ] also as a fixed aperture diaphragm. In that caseat least one side 
has turned a convex toward the aperture diaphragmand if it is made for a lens side 
which the any adjoin to penetrate an aperture-diaphragm inner diameter parta lens 
side which adjoins an aperture diaphragm will not have a useless space by 
diaphragmand will contribute it to overall-length shortening of an optical system. 
An aperture diaphragm is good for transmissivity to have a means which allots 90% 
or less of optical element (both an entrance plane and projection surface of a flat 
surface are good if it can do.)or is replaced with another optical element which 
differs in transmissivity in which space including an optic axis which separated one 
or more lens sides. 

[0104]Or opening size has two or more fixed openingsand one of them most by a 
thing of the 1st group it is supposed with a lens side by the side of an imageand a 
thing of others [ that it can insert most into which / between lens sides by the 
side of an object / optical path and ] of the 3rd group that it is exchangeable. It. is 
good to perform light volume regulationas it is considered as an electronic imaging 
device which can adjust image surface illuminationand transmissivity to 550 nm 
differs in inside of two or more of the openingsand some openingsrespectively and 
it has a medium which is less than 80%. Or when adjusting so that it may become 
the light volume equivalent to an F value which is set to a (micrometer) / f number 
<0.4it is good to consider it as an electronic imaging device which transmissivity to 
550 nm differs in an openingrespectivelyand has less than 80% of medium. For 
examplefrom an opening valueout of the range of the above-mentioned 
conditionshe has no mediumor transmissivity to 550 nm considers it as not less 
than 91% of straw-man mediumand it is [ like / a diameter of an aperture 
diaphragm is not made smallso that influence of diffraction comes out and / an ND 
filter ] good at the time of within the limits to carry out light volume regulation. 
[0105]What makes two or more above-mentioned openings what made a path 



small in inverse proportion to an F valuerespectivelyarranges themand puts in in 
an opening an optical low pass filter in which frequency characteristics 
differrespectively instead of an ND filter may be sufficient. Since diffraction 
degradation becomes large as it narrows downit is so good to set up the frequency 
characteristic of a light filter highly that an opening diameter becomes small. 
[0106]In relation between an open F value of a wide angle endand the picture 
element pitch amum to be usedwhen filling F>athe optical low pass filter may not 
be. That isall media on a zoom lens system and an optical path between electronic 
image sensors may be used only as air or an amorphous medium. It is because 
there is almost no frequency component which may generate clinch distortion for 
diffraction and degradation of an imaging characteristic by geometric aberration. 
[0107]The above-mentioned monograph affair typea zoom lens of this invention 
which carries out a postscriptand the composition of an electronic imaging device 
using it can constitute a better zoom lens or an electronic imaging device from 
combining suitably. 

[0108]In the above-mentioned monograph affair typeonly the upper limit may limit 
only a lower limit from an upper and lower limit value of a more desirable 
conditional expression. A value corresponding to a conditional expression of this of 
each after-mentioned example can also be changed to a maximum or a minimum of 
a monograph affair type. 
[0109] 

[Embodiment of the Invention]HereafterExamples 1-5 of the zoom lens of this 
invention are described. The wide angle end at the time of the infinite distance 
object point focus of Examples 1-5 (a)an intermediate state (b)and the lens 
sectional view in a tele edge (c) are shown in drawing 1 - drawing S respectively. 
As for the cover glass of CCDas for G3 and whose 4th lens group of G2 and a 
diaphragmthe 1st lens group is [ G1 and 2nd lens group / G4 and an optical low 
pass filter ] LF and an electronic image sensor as for S and the 3rd lens groupl 
has shown the image surface of CG and CCD among each figure. P has shown the 
parallel plate which developed the optical-path bending prism in the inside G1 of 
the 1st lens group. A postscript is carried out about the maximum thickness of 
optical low pass filter LF. About a near-infrared sharp cut coatwhat ******** may 
also arrange the infrared cut absorption filter to optical low pass filter LF 
independently wellor carried out the near-infrared sharp cut coat of the directly 
coatingfor example to it at the entrance plane of the transparent plate may be 
used. 

[01 10]As an example of representationin the optical-path figure at the time of 
bending at the time of the wide angle end infinite distance object point focus of 
the zoom lens of Example 1the optical-path bending prism P is constituted as a 
reflecting prism which bends 90 degrees of optical pathsas shown in drawing 6 . 
[01 1 1]As shown in drawing 1t he zoom lens of Example 1 to the object side The 
negative meniscus lens of a convexThe 1st lens group G1 and bi-concave negative 
lens which consist of the optical-path bending prism P and a biconvex plus 
lensThe 2nd lens group G2aperture~diaphragm S which are from the positive 



meniscus lens of a convex on an object sideWhen consisting of 3rd lens group G3 
which consists of a cemented lens of a biconvex plus lens and a bi-concave 
negative lensand the 4th lens group G4 that is from one positive meniscus lens of 
a convex on an object side and carrying out variable power to a tele edge from a 
wide angle endit is the 1st lens group Gland aperture-diaphragm S is 
immobilizationit moves to the image surface side3rd lens group G3 moves to the 
object sideand the 2nd lens group G2 moves the 4th lens group G4 to the image 
surface side. In order to carry out focusing to the photographic subject of a short 
distanceit lets out the 4th lens group G4 to the object side. 
[01 12]an aspheric surface — both sides of the bi-concave negative lens of the 
2nd lens group G2and 3rd lens group G3 — it is most used for the 5th page of the 
field by the side of the image surfaceand the fields by the side of the object of the 
4th lens group G4 with the field by the side of an object. 

[01 13]As shown in drawing 2 the zoom lens of Example 2 to the object side The 
negative meniscus lens of a convexThe 1st lens group G1 and bi-concave negative 
lens which consist of the optical-path bending prism P and a biconvex plus 
lensThe 2nd lens group G2aperture-diaphragm Sand the biconvex plus lens which 
consist of biconvex plus lenseslt consists of 3rd lens group G3 which consists of a 
biconvex plus lens and a cemented lens of a bi-concave negative lensand the 4th 
lens group G4 that is from one positive meniscus lens of a convex on an object 
sideWhen carrying out variable power to a tele edge from a wide angle endit is the 
1st lens group Gland aperture-diaphragm S is immobilizationit moves to the image 
surface side3rd lens group G3 moves to the object sideand the 2nd lens group G2 
moves the 4th lens group G4 to the image surface side. In order to carry out 
focusing to the photographic subject of a short distanceit lets out the 4th lens 
group G4 to the object side. 

[01 14]The aspheric surface is used for the 4th page of the field by the side of the 
image surface of the bi-concave negative lens of the 2nd lens group G2both sides 
of the biconvex plus lens by the side of the object of 3rd lens group G3and the 
fields by the side of the object of the 4th lens group G4. 

[01 15]As shown in drawing 3t he zoom lens of Example 3 to the object side The 
negative meniscus lens of a convexThe 1st lens group G1 and bi-concave negative 
lens which consist of the optical-path bending prism P and a biconvex plus 
lensThe 2nd lens group G2aperture-diaphragm Sand the biconvex plus lens which 
are from the positive meniscus lens of a convex on an object sidelt consists of 3rd 
lens group G3 which consists of a biconvex plus lens and a cemented lens of a bi- 
concave negative lensand the 4th lens group G4 that is from one positive 
meniscus lens of a convex on an object sideWhen carrying out variable power to a 
tele edge from a wide angle endit is the 1st lens group Gland aperture-diaphragm 
S is immobilizationit moves to the image surface side3rd lens group G3 moves to 
the object sideand the 2nd lens group G2 moves the 4th lens group G4 to the 
image surface side. In order to carry out focusing to the photographic subject of a 
short distanceit lets out the 4th lens group G4 to the object side. 
[01 16]The aspheric surface is used for the 4th page of the field by the side of the 



image surface of the bi-concave negative lens of the 2nd lens group G2both sides 
of the biconvex plus lens by the side of the object of 3rd lens group G3and the 
fields by the side of the object of the 4th lens group G4. 

[01 17]As shown in drawing 4t he zoom lens of Example 4 to the object side The 
negative meniscus lens of a convexThe 1st lens group G1 and bi-concave negative 
lens which consist of the optical-path bending prism P and a biconvex plus 
lensThe 2nd lens group G2 that consists of biconvex plus lensesaperture- 
diaphragm Sa biconvex plus lensand the cemented lens of a bi-concave negative 
lensWhen consisting of 3rd lens group G3 which is from the meniscus lens of a 
convex on an object sideand the 4th lens group G4 that is from one positive 
meniscus lens of a convex on an object side and carrying out variable power to a 
tele edge from a wide angle endThe 1st lens group G1 and aperture-diaphragm S 
are immobilizationit moves to the image surface side and 3rd lens group G3 moves 
to the object sidethe 4th lens group G4 once moves to the object side a littleand 
the 2nd lens group G2 moves it to the image surface side after that. In order to 
carry out focusing to the photographic subject of a short distanceit lets out the 
4th lens group G4 to the object side. 

[0118]The aspheric surface is used for the 5th page of both sides of the bi- 
concave negative lens of the 2nd lens group G2the field by the side of the object 
of the cemented lens of 3rd lens group G3and both sides of a meniscus lens. 
[01 19]As shown in drawing 5t he zoom lens of Example 5 to the object side The 
negative meniscus lens of a convexThe 1st lens group G1 that consists of the 
optical-path bending prism P and a biconvex plus lensthe 2nd lens group G2 that 
is from the cemented lens of the negative meniscus lens of a convex on a bi- 
concave negative lens and object sideaperture-diaphragm Sand a biconvex plus 
lenslt consists of 3rd lens group G3 which is from the cemented lens of the 
negative meniscus lens of a convex on an object side at the positive meniscus 
lens [ of a convex ]and object sideand the 4th lens group G4 that is from one 
positive meniscus lens of a convex on an object sideWhen carrying out variable 
power to a tele edge from a wide angle endit is the 1st lens group Gland 
aperture-diaphragm S is immobilizationit moves to the image surface side3rd lens 
group G3 moves to the object sideand the 2nd lens group G2 moves the 4th lens 
group G4 to the image surface side. In order to carry out focusing to the 
photographic subject of a short distanceit lets out the 4th lens group G4 to the 
object side. 

[0120]The aspheric surface is used for the 4th page of the field by the side of the 
image surface of the negative meniscus lens of the 1st lens group Glboth sides of 
the biconvex plus lens by the side of the object of 3rd lens group G3and the fields 
by the side of the object of the 4th lens group G4. 

[0121]Although the digital data of each above-mentioned example is shown 
belowAs for fa half-field angle and F NO a whole system focal distance and omega 
outside the above [ a sign ] The f numberAs for a wide angle end and STa tele 
edge^and r 2 — for WE an intermediate state and TE The curvature radius of each 
lens sideAs for d t and d 2 — the refractive index of d line of each lensnu dl and nu d2 — 



of the interval between each lens siden d1 and n d2 — are the Abbe numbers of each 
lens. Aspherical surface shape uses x as the optic axis which made the direction 
of movement of light positiveand when y is taken in the direction which intersects 
perpendicularly with an optic axisit is expressed with the following formula. 
[0122]1+{1-(K+O (y/r) 2 } ,/x=(y2/r)/[2 ]+A 4 y 4 +A 6 y 6 +A 8 y 8 +A 10 y 10 — howeverAs for a 
paraxial curvature radius and Ka constant of the coneA 4 A 6 A 8 and A 10 of r are the 
4th aspheric surface coefficients [ 6th / 8th / 10th ]respectively. 
[0123] 

Example 1r,= 31.0100. d,= 1.0000 n dl =1.80100 nu d1 =34.97 r 2 = 9.9641 d 2 = 2.9000 r 3 = 
infinity d 3 = 12.0000. n d2 =1. 80610 nu d2 =40.92 r 4 = infinity d 4 = 0.3000 r 5 = 23.6950 d 5 = 
3.5400 n d3 =1.74100. nu d3 =52.64 r 6 =. -23.6475 d 6 = (variable). r 7 =-377.9014 (aspheric 
surface). d 7 = 0.8000 n d4 =1. 80610 nu d4 =40.92 r 8 = 6.4536 (aspheric surface) d 8 = 
0.7000 r 9 = 6.8913 d 9 =. 2.2000 n d5 =1. 75520 nu d5 =27.51 r 10 = 16.1043 d 10 = (variable) r„= 
infinity (diaphragm) d n = (variable) r 12 =. 7.5543 (aspheric surface) d 12 =. 6.1695 
n d6 =1 .74320. nu d6 =49.34 r 13 =. -13.0000 d 13 = 1.0000n d7 =1 .84666 nu d7 =23.78 r 14 = 
13.1848(aspheric surface)d 14 = (variable) r 15 = 12.3030 (aspheric surface). d, 5 = 1.8000 
n d8 =1 .74320 nu d8 =49.34 r 16 = 1061.3553d 16 = (variable) r 17 = infinity d 17 = 1.9000. 
n d9 =1 .54771 nu d9 =62.84 r 18 = infinity d 18 = 0.8000 r 19 = infinity d, 9 = 0.7500 n d)0 =1.51633. 
nu d10 =64.14 r 20 = infinity d 20 =1.3565 r 2 ,= infinity (image surface) — the 7th — page K 
= 0 A 4 = 5.2999 x10 ~ 4 A 6 =-2.1607 x10" 5Aspherio5urfacecoeffioient A 8 = 1.8300 x10 " 7 A, 0 = 0.0000 
The 8th page K = 0 A 4 = 5.8050 x10 " 4 A 6 =-1.0603 x10 _5 A 8 =-7.5526. x10 " 7 A 10 = 
0.0000. The 12th page K = 0 A 4 = 5.1734. x10 " 5 A 6 = 1 0455. x10 " 6 A 8 =-3.41 85. x10 " 
8 A 10 = 0.0000. The 14th page K = 0 A 4 = 8.4429. x10 " 4 Ae= 2.1473. x10 " 5 A 8 = 7.3738. 
x10 " 7 A 10 = 0.0000. The 15th page K = 0 A 4 =-6.2738 x10 " 5 A 6 = 7.6642 x10 " 6 A 8 =- 
2.0106 x10 " 7 A, 0 = 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 6.01125. 10.40282 17.99133 F NO 2.5820 3.5145 4.7679 omega 
(degree) 32.7 19.6 11.4 d 6 0.78801 4.80346 8.70695 d 10 9.39271. 5.38074 1.47422 
d,,11. 13320 5.78312 1.48451 d 14 2.19671 8.56256 14.78227 d, 6 4.12457 3.11055 
1.18821. 
[0124] 

Example 2r,= 31.1674. d,= 1.0000 n d1 =1 .80518 nu d1 =25.42 r 2 = 10.0082 d 2 = 2.8000 r 3 = 
infinity d 3 = 12.0000. n d2 =1. 80610 nu d2 =40.92 r 4 = infinity d 4 = 0.3000 r 5 = 38.3752 d 5 = 
3.3000 n d3 =1 .77250. nu d3 =49.60 r 6 =. -19.0539 d 6 = (variable). r 7 =-27.7782 d 7 =. 1.0000 
n d4 =1.80610. nu d4 =40.92 r 8 =. 5.9968 (aspheric surface) d 8 =. 0.7000 r 9 = 8.0742. d 9 = 
2.3000 n d5 =1 .75520 nu d5 =27.51 r 10 =-358.1053 d 10 = (variable) r„= infinity (diaphragm) 
d n = (variable) r 12 = 8.4. 600 (aspheric surface) d l2 = 2.5000. n d6 =1 .74320 
nu d6 =49.34r 13 =-1 16.7590 (aspheric surface) d 13 = 0.1500 r, 4 = 8.8060 d )4 = 3.0000. 
n d7 =1 .60311 nu d7 =60.64 r 15 =-40.0000 d 15 = 0.7000 n d8 =1. 84666 nu d8 =23.78 r 16 =. 4.6054 
d 16 = (variable). r 17 = 6.7337 (aspheric surface). d 17 = 1.9700 n d9 =1 .69350 nu d9 =53.21 
r l8 = 14.1820 d 18 = r(variable) 19 = infinity d 19 = 1.9000. n d10 =1. 54771 nu d10 =62.84 r 20 = 
infinity d 20 = 0.8000 r 21 = infinity d 21 = 0.7500 n d1l =1 .51 633. nu dl ,=64.14 r 22 . = infinity 
d 22 = 1.3596. r 23 =infinity (image surface) Aspheric surface coefficient . The 8th page 
K = 0 A 4 =-2.7926. x10 " 4 A 6 =-5.5281 . x10 - 6 A 8 =-3.0031. x10 - 7 A 10 = 0.0000. The 12th 
page K = 0 A 4 =-1.0549. x10 " 4 A 6 =-1 .1474. x10 ^,,=-5.2653. x10 _8 A 10 = 0.0000. The 



13th page K= 0 A 4 =-4.5663. x10 " 5 A 6 = 6.3255. x10 ""A^-3.741 6. x10 " 7 A 10 = 0.0000. 
The 17th page K = 0 A 4 =-3.4690 x10 ~ 4 A 6 = 2.1996 x10 _6 A 8 =-1.8422 x10 - 7 A 10 = 
0.0000 Zoom data (infinity) 

WE ST TEf (mm) 6.00633. 10.39946 17.99885 F NO 2.8069 3.3441 4.0747 omega 
(degree) 32.4 18.9 10.9 d 6 0.79862 7.41546 13.08585 d, 0 1 3.6861 2. 7.06296 1.39894 
d„7.73864 4.51502 1.19986 d 16 1. 69904 5.23999 10.27759 d 18 3.54003 3.22246 
1.50021. 
[01 25] 

Example 3r,= 31.4475. d,= 1.0000 n dl =1.80518 nu d ,=25.42 r 2 = 10.0029 d 2 = 2.8000r 3 = 
infinity d 3 = 12.0000. n d2 =1 .80610 nu d2 =40.92 r 4 = infinity d 4 = 0.3000 r 5 = 40.9109 d 5 = 
3.1000 n d3 =1. 77250. nu d3 =49.60 r 6 =. -18.5523 d 6 = (variable). r 7 =-27.7365 d 7 =. 0.9000 
n d4 =1. 80610. nu d4 =40.92 r 8 =. 6.1675 (aspheric surface) d 8 =. 0.6000 r 9 = 7.8689. d 9 = 
2.5000 n d5 =1. 75520 nu d5 =27.51 r 10 = 541.9130 d 10 = (variable) r,,= infinity (diaphragm) 
d n = (variable) r 12 = 6.830. 3 (aspheric surface) d 12 = 2.2000. n d6 =1. 74320 nu d6 =49.34 
r 13 =-1 68.3254 (aspheric surface) d, 3 = 0.1500 r 14 = 10.3767 d 14 = 2.5000. n d7 =1 .60311 
nu d7 =60.64 r l5 =-1 00.0000 d ls = 0.7000 n d8 =1 .84666 nu d8 =23.78 r 16 =. 4.2552 d 16 = 
(variable). r 17 = 6.4363 (aspheric surface). d 17 = 2.0000 n d9 =1.58313 nu d9 =59.38 r 18 = 
16.8235 d 18 = (variable) r 19 = infinity d 19 = 1.5000. n d10 =1. 54771 nu dl0 =62.84 r 20 = infinity 
d 20 = 0.8000 r 2 ,= infinity d 21 = 0.7500 n d11 =1.51633 nu d11 =64.14 r 22 = infinity d 22 = 1.3596. 
r 23 = infinity (image surface) Aspheric surface coefficient . The 8th page K = 0 A 4 =- 
2.1223. x10 _4 A 6 =-3.9476. x1 0 _6 A 8 =-2.3492. x10 " 7 A 10 = 0.0000. The 12th page K = 0 
A 4 =-9.9966. x10 - 5 A 6 =-4 8770. x10 " 6 A 8 = 7.8835. x10 " 7 A 10 = 0.0000. The 13th page K 
= 0 A 4 = 1.6853. x10 " 4 A 6 = 4.2908. x10 " 6 A 8 = 8.3613. x10 " 7 A 10 = 0.0000. the 17th page 
K = 0 A 4 =-3.5205 x10 ~ 4 A 6 =-1.41 17 x10 " 6 A 8 =-1.1635 x10 " 7 A 10 = 0.0000 zoom data 
(infinity) 

WE ST TEf (mm) 6.00728. 10.39935 17.99830 F N0 2.7463 3.3017 4.0273 omega 
(degree) 32.4 18.9 11.0 d 6 0.79769 7.29414 13.01239 d 10 13.61214. 7.11013 1.39751 
d„7.70485 4.37777 1.19903 d, 6 1 .69969 5.42936 10.44566 d 18 3.74084 3.33843 
1 .50064. 
[0126] 

Example 4r,= 32.0016. d,= 1.0000 n d1 =1 .75520 nu d1 =27.51 r 2 = 10.0102 d 2 = 2.8000 r 3 = 
infinity d 3 = 12.0000. n d2 =1 .80610 nu d2 =40.92 r 4 = infinity d 4 = 0.3000 r 5 = 23.5519 d 5 = 
3.1000 n d3 =1.72916. nu d3 =54.68 r 6 =. -24.7555 d 6 = (variable). r 7 =-21.9861 (aspheric 
surface). d 7 = 0.9000 n d4 =1 .80610 nu d4 =40.92 r 8 = 5.7215 (aspheric surface) d 8 = 
0.6000 r 9 = 7.9386 d 9 =. 2.5000 n d5 =1 .78470 nu d5 =26.29 r l0 =-388.51 76 d 10 = (variable) 
r,,= infinity (diaphragm) d„= (variable) r 12 . = 5.6674 (aspheric surface) d 12 =. 4.0000 
n d6 =1 .74320. nu d6 =49.34 r, 3 =. -19.0000 d, 3 = 0.7000. n d7 =1. 84666 nu d7 =23.78 r 14 = 
7.7986 d 14 = 0.3000 r 15 = 3.8662 (aspheric surface) d )5 = 1.0000 n d8 =1. 69350. 
nu d8 =53.21 r 16 =. 3.6817 (aspheric surface) d 16 =. (Variable) r 17 = 13.0325. d 17 = 2.0000 
n d9 =1 .48749 nu d9 =70.23 r 18 = 201.0398 d 18 = (variable) r 19 = infinity d 19 = 1.5000. 
n d10 =1. 54771 nu d10 =62.84 r 20 = infinity d 20 = 0.8000 r 21 = infinity d 21 = 0.7500 
n d11 =1.51633 nu d11 =64.14 r. 22 = infinity d 22 = 1.3599. r 23 = infinity (image surface) 
Aspheric surface coefficient . The 7th page K = 0 A 4 = 2.0496. x10 ' 4 A 6 =-3.4919. 
x10 " 6 A 8 = 7.4208. x10 -9 A 10 = 0.0000. The 8th page K = 0 A 4 =-3.6883. x10 " 4 A 6 = 



3.4613. x10 - 6 A 8 =-9.0209. X 10 - ? A )0 = 0.0000. The 12th page K = 0 A 4 = 5.4882. x10 " 
4 A 6 =-1.8282. x10 S A 8 = 1-6707. x10 ^A^ 0.0000 — the 15th page . K = 0 A 4 =- 
8.1049. x10 - 3 A6=-4-3019. x10 " 4 A 8 =-3.1973. X 1 0 - 5 A 10 = 0.0000 The 16th page K = 0 
A 4 =-6.4092 x10 " 3 A 6 =-7.3362 x10 -4 A 8 = 2.9898 x10" s A 10 = 0.0000 Zoom data (infinity) 
WE ST TEf (mm) 6.00844. 10.40337 17.99810 F N0 2.7659 2.9849 4.0444 omega 
(degree) 32.6 19.2 11.3 d 6 0.80018 8.47206 12.07930 d, 0 1 2.67757. 5.00686 1.39837 
d„6.26991 5.19965 1.19782 d, 6 1 .70036 2.60388 9.42234 d 18 4.14771 4.30945 1.49796. 
[0127] 

Example 5r,= 37.5126. d,= 1.0000 n d ,=1 .78470 nu d1 =26.29 r 2 = 9.9406 (aspheric 
surface) d 2 = 2.8000 r 3 = infinity d 3 = 12.0000. n d2 =1. 80610 nu d2 =40.92 r 4 = infinity d 4 = 
0.3000 r 5 = 33.8530 d 5 = 3.1000 n d3 =1. 77250. nu d3 =49.60 r 6 =. -21.7247 d 6 = (variable). 
r 7 =-22.9665 d 7 =. 0.9000 n d4 =1. 77250. nu d4 =49.60 r 8 =. 7.9115 d 8 = 2.5000. n d5 =1.71736 
nu d5 =29.52 r 9 = 55.6404 d 9 = (variable) r 10 = infinity (diaphragm) d 10 = (variable) r,,= 
8.1626 (aspheric surface). d„= 2.2000 n d6 =1. 74320 nu d6 =49.34. r 12 =-278.0091 
(aspheric surface). d, 2 = 0.1500 r 13 =. 7.0366 d 13 = 2.5000. n d7 =1 .60311 nu d7 =60.64 r 14 = 
50.0000 d 14 = 0.7000 n d8 =1. 84666 nu d8 =23.78 r 15 =. 4.2115 d, 5 = (variable). r 16 = 6.7994 
(aspheric surface). d 16 = 2.0000 n d9 =1.58313 nu d9 =59.38 r 17 = 13.6965 d 17 = (variable) 
r, 8 = infinity d 18 = 1.5000. n dl0 =1. 54771 nu d10 =62.84 r 19 = infinity d 19 = 0.8000 r 20 = infinity 
d 20 = 0.7500 n d ,,=1.51633. nu d ,,=64.14 r 21 = infinity d 2t = 1.3586 r 22 = infinity (image 
surface), aspheric surface coefficient The 2nd page K = 0 A 4 =-4.8339 x10 " 5 A 6 = 
1.9771 x10 " 7 A 8 =-1.3364 x1 ° " 8a io= 0.0000 — the 1 1th page . K = 0 A 4 =-2.9041. 
x10 " 4 A 6 = 2.3089. x10 " 5 A 8 =-1 .0828. x10 " 6 A 10 = 0.0000. The 12th page K = 0 A 4 =- 
1.9946. x10 " 4 A 6 = 3.1348. x10 - 5 A 8 = -1 - 4447 - x1 ° " 6a io= 0.0000. The 16th page K = 0 
A 4 =-2.4256 x10 _4 A 6 =-6.3914 x10 _6 A 8 = 1.6763 x10 _7 A 10 = 0.0000 Zoom data 
(infinity) 

WE ST TEf (mm) 6.02709. 10.40552 17.99646 F N0 2.6193 3.3129 4.0433 omega 
(degree) 32.3 18.9 11.0 d 6 0.80042 6.82411 13.07966 d 9 1 3.6731 3. 7.63416 1.39413 
d 10 7.94928 4.18630 1.19879 d 15 1 .69392 6.18157 10.44930 d 17 3.50041 2.76626 
1.49565. 

[0128]The aberration figure at the time of the infinite distance object point focus 
of the above Examples 1-5 is shown in drawing 7 - drawing 1 1 respectively. In 
these aberration figuresspherical aberration SA [ in / (b) can set (a) to a wide 
angle endcan be set to an intermediate stateand / in (c) / a tele edge ]astigmatic 
ASand distortion aberration DT and chromatic-aberration-of-magnification CC are 
shown. 

[0129]Nextthe value of a about the value of condition (1) - (25) in each above- 
mentioned example and conditions (26)tLp F and L is shown. Condition (15) - (17) 
means - (15-3) - (16-1) (16-3) - (17-1) (1 7-3)respectively (15-1). 
[0130] 

Example 1 example 2 example 3 Example 4. Example 5 (1) 1.80053 1.79882. 
1.78926 1.89185 1.68172. (2) 1.58638 1.62590. 1.62599 1.63599 1.68575. (3) 
1.34851 1.33482. 1.33482 1.33482 1.33482. (4) 1.80610 1.80610. 1.80610 1.80610 
1.80610. (5) 0.91863 0.80674. 0.81555 0.65256 0.69581 (6). 0.27229 0.29553 
0.29058. 0.35869 0.29828 (7). 0.94273 0.31220 0.32096. 0.63812 0.74098 (8). 



2.31092 2.42296 2.43781. 2.46849 2.78836 (9). 1.62212 1.68225 1.69788 1.44993 
1.75852 (10) 1.15319 1.17060 1.15739 1.13543 1.11669 (11) 1.96930 1.50318 
1.52111 1.28830. 1.42870 (12) 1.21850. 0.53216 0.53263 0.44969. 0.54976 (13) 
0.30433. 0.31196 0.34434 0.52241. 0.29698 (14) 0.36543. 0.28287 0.28291 0.28300. 
0.28105 (15) 1.74534. 0.52298 0.41007 1.37605. 0.59851 (16) -0.56154. -0.18250 - 
0.07300 -0.38421. 0.14600 (17) 25.56 36.86. 36.86 25.56 36.86 (18). -1.02346 - 
2.80812 -2.23928. -1.13863 -2.97167 (19). 0.43618 0.43762 0.43731. 0.25625 
0.34893 (20). 0.00100 0.33644 0.37601. -0.02491 0.21822 (21) 0.96642 0.64490 
0.63618 0.58701 0.48756 (22) 1.0 1.0 1.0 1.0 1.0 (23) 0.04 0.04 0. 04 0.04 0.04 (24) 
0.0. 0.0 0.0 0.0 0.0 (25). 1.06 1.06 1.06 1.06 1.06a3.5 3.9 3.7 2.9 2.5 ^0.55 0.58 
0.52 0.38 0.30L7.30 7.30 7.30 7.30 7.30. 

[0131]The optical low pass filter in the digital data of Examples 1-5 is two or more 
sheet compositionsince the thickness of an infrared cut filter etc. is also included 
furtherthe maximum thickness is not a value of t^p and the value of t^p in the 
above-mentioned table is used. Any of the following a and the combination 1-10 of 
t|_pp may be used. 
[0132] 

1 2 3 4 Five a3.5 3.9 3.7. 2.9 2.5 t LPF 0.55 0.58 0.52 0.38 0.30 6 7 8 9 Ten a2.8 2.7 
2.6 3.3 3.1 t LPF 0.25 0.25 0.26 0.24 0.25. 

[0133]Herethe diagonal length L and the pixel interval a of the effective imaging 
surface of the electronic image sensor are explained. Drawing 12 is a figure 
showing one example of the pixel arrangement of an electronic image sensorand 
the pixel ( drawing 15 ) of four colors of the pixel of R (red)G (green)and B (blue) or 
cyanogenmagentayellowand green (green) is allotted to mosaic shape at intervals 
of [ a ] the pixel. An effective imaging surface means the field within the 
photoelectric conversion face on the image sensor used for reproduction (the 
display on a personal computerprinting with a printeretc.) of the photoed image. 
The effective imaging surface shown in a figure is set as the field narrower than all 
the photoelectric conversion faces of an image sensor to compensate for the 
performance (image circle which the performance of an optical system can secure) 
of an optical system. The diagonal length L of an effective imaging surface is the 
diagonal length of this effective imaging surface. Although it is good as change 
being possible in various imaging ranges used for reproduction of an imagewhen 
using the zoom lens of this invention for the imaging device which has such a 
functionthe diagonal length L of the effective imaging surface changes. In such a 
casediagonal length L of the effective imaging surface in this invention is taken as 
the maximum in the range which L can take. 

[0134]In each above exampleit has optical low pass filter LF which gave the near- 
infrared cut-off filter or the near-infrared cut coated surface to the entrance 
plane side in the image side of the last lens group. In this near-infrared cut-off 
filter and a near-infrared cut coated surfacethe transmissivity in the wavelength of 
600 nm is constituted so that the transmissivity in the wavelength of 700 nm may 
be 10% or less not less than 80%. It is a multilayer film which consists of the 
following lamination of 27 layers concretefor example. Howeverdesign wave length 



is 780 nm. 
[0135] 

Basis Board Construction material Physical thickness (nm) lambda/4. 

. The 1st layer aluminum 2 0 3 58.96. 0.50 The 2nd layer 

Ti0 2 84.19. 1.00 The 3rd layer Si0 2 134.14. 1.00 The 4th layer Ti0 2 84.19. 1.00 The 
5th layer Si0 2 134.14. The 1.00 6th layer Ti0 2 84.19. 1.00 The 7th layer Si0 2 134.14. 
1.00 The 8th layer Ti0 2 84.19. 1.00 The 9th layer Si0 2 134.14. 1.00 The 10th layer 
Ti0 2 84.19. 1.00 The 11th layer Si0 2 134.14. 1.00 The 12th layer Ti0 2 84.19. 1.00 The 
13th layer Si0 2 134.14. 1.00 The 14th layer Ti0 2 84.19. 1.00 15th layer Si0 2Si02l7841 1 33 
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The 16th layer Ti02 10 1.03 1.21 The 17th layer Si02167.67 1.25 The 18th layer TI0296.82 1.15 The 19th layer ■ ** ' I .\J*J I 

20th layer Ti0 2 84.19 1.00 The 21st layer Si0 2 1 60.97 1.20 The 22nd layer Ti0 2 84.19 
1.00 The 23rd layer Si0 2 1 54.26. 1.15 24th layer Ti0 2 95.13 1.13 The 25th layer 

Si0 2 1 60.97 1.20 The 26th layer Ti0 2 99.34 1.18 The 27th layer Si0 2 87.19 0.65. 

sky Mind . 

[0136]The transmissivity characteristic of the above-mentioned near-infrared 
sharp cut coat is as being shown in drawing 13 . 

[0137]The color reproduction nature of the electronic image is further improved to 
the projection surface side of low pass filter LF by providing the color filter which 
low-** the penetration of the color of a short wavelength region as shown in 
drawing 14 or coating. 

[0138]The ratio [ as opposed to the transmissivity of the wavelength with the 
highest transmissivity on the wavelength of 400 nm - 700 nm by this filter or 
coating ] of transmissivity with a wavelength of 420 nm is specifically not less than 
15%It is preferred that the ratio of transmissivity with a wavelength of 400 nm to 
that of the highest wavelength is 6% or less. 

[0139]Therebythe gap with the recognition over the color of human being's eyes 
and the color of the picture picturized and reproduced can be reduced. In other 
wordswith human being's visiondegradation of the picture by the color by the side 
of the short wavelength which is hard to be recognized being easily recognized by 
human being's eyes can be prevented. 

[0140]The wavelength which the single wavelength castle which is hard to be 
recognized by human being's eyes can recognize if the ratio of transmissivity with 
an above-mentioned wavelength of 400 nm exceeds 6% will be 
reproducedconverselyif the ratio of transmissivity with an above-mentioned 
wavelength of 420 nm is smaller than 1 5%reproduction of the wavelength castle 
which human being can recognize will become lowand the balance of a color will 
worsen. 

[0141]In the imaging system which used the complementary color mosaic filtera 
means to restrict such wavelength takes effect more. 

[0142]In each above-mentioned exampleas shown in drawing 1 4 transmissivity [ in 
/ for the transmissivity in the wavelength of 400 nm / 0% and 420 nm ] is 
considered as coating which becomes peak 100% of transmissivity at 440 nm 90%. 
[0143]By crossing of an operation with the above mentioned near-infrared sharp 
cut coattransmissivity [ in / for transmissivity / in / for transmissivity / in / for 



the transmissivity at 400 nm / 0% and 420 nm / 80% and 600 nm / 82% and 700 
nm ] is made into 2% with a peak of 99% of transmissivity with a wavelength of 450 
nm. Thereby more faithful color reproduction is performed. 

[0144]Low pass filter LF's having the level azimuth angles at the time of projection 
on the image surface (= 0 degree) and three kinds of filters which have a crystal 
axis in the direction of **45 degreerespectively are used for an optical axis 
direction in pilesAbout eachmoire control is performed by shifting only SQRT (1/2) 
x a in amum and the direction of **45 degree horizontallyrespectively. HereSQRT 
is a square route as mentioned aboveand means a square root. 
[0145]On the imaging surface I of CCDcyanogenmagentayellowand the 
complementary color mosaic filter that provided the color filter of four colors of 
green (green) in mosaic shape corresponding to the image pick-up pixel are formed 
as shown in drawing 15 . these four kinds of color filters — each — abbreviated — 
it is arranged at mosaic shape so that it may become the same numberand so that 
it may not correspond to the kind with same adjacent pixel of color filter. Thereby 
more faithful color reproduction becomes possible. 

[0146]A complementary color mosaic filter specifically comprises at least four 
kinds of color filtersas shown in drawing 15 and as for the characteristic of four 
kinds of the color filterit is preferred that it is as follows. 

[0147]Colored filter G of green has a peak of spectral intensity in wavelength G p It 
has a peak of spectral intensity in wavelength Y p and color filter C of cyanogen has 
a peak of spectral intensity in wavelength C p color filter M of magenta has a peak 
in wavelength M P1 and M p2 and color filter Y e of yellow satisfies the following 
conditions. 

[0148]510 nm<G p <540-nm5 nm<Y p -G p — <35-nm-100 nm<C P -G P <-5-nm430 
nm<M p1 — < — 480nm580 nm<M P2 <640nm — further — green and yellow. The 
color filter of cyanogen has not less than 80% of intensity on the wavelength of 
530 nm to the peak of each spectral intensityand the color filter of magenta has 
itwhen having 10 to 50% of intensity on the wavelength of 530 nm to the peak of 
the spectral intensity improves color reproduction nature. [ more preferred ] 
[0149]An example of each wavelength characteristic in each above-mentioned 
example is shown in drawing 16 . Color filter G of green has a beak of spectral 
intensity in 525 nm. Color filter Y e of yellow has a peak of spectral intensity in 555 
nm. Colored filter C of cyanogen has a peak of spectral intensity in 510 nm. Color 
filter M of magenta has a peak in 445 nm and 620 nm. To the peak of each 
spectral intensityas for G99%C considers it as 97% by Y e considering it as 95%and 
M makes 38% each color filter at 530 nm. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are a wide angle end at the time of the infinite distance object 
point focus of Example 1 of the zoom lens of this invention (a)an intermediate 
state (b)and a lens sectional view in a tele edge (c). 



[Drawing 2] It is the same lens sectional view as drawing 1 of the zoom lens of 
Example 2. 

[Drawing 3] It is the same lens sectional view as drawing 1 of the zoom lens of 
Example 3. 

[Drawing 4] It is the same lens sectional view as drawing 1 of the zoom lens of 
Example 4. 

[Drawing 5] It is the same lens sectional view as drawing 1 of the zoom lens of 
Example 5. 

[Drawing 6] It is an optical-path figure at the time of bending at the time of the 
wide angle end infinite distance object point focus of the zoom lens of Example 1 . 
[Drawing 7] It is an aberration figure at the time of the infinite distance object point 
focus of Example 1 . 

[Drawing 8] It is an aberration figure at the time of the infinite distance object point 
focus of Example 2. 

[Drawing 9] It is an aberration figure at the time of the infinite distance object point 
focus of Example 3. 

[Drawing 10] lt is an aberration figure at the time of the infinite distance object 
point focus of Example 4. 

[Drawing 1 1] It is an aberration figure at the time of the infinite distance object 
point focus of Example 5. 

[Drawing 12] It is a figure for explaining the diagonal length of the effective imaging 
surface in the case of taking a photograph with an electronic image sensor. 
[Drawing 13] It is a figure showing the transmissivity characteristic of an example 
of a near-infrared sharp cut coat. 

[Drawing 14] It is a figure showing the transmissivity characteristic of an example 
of a color filter provided in the projection surface side of a low pass filter. 
[Drawing 1 5j lt is a figure showing color filter arrangement of a complementary 
color mosaic filter. 

[Drawing 1 6] It is a figure showing an example of the wavelength characteristic of a 
complementary color mosaic filter. 

[Drawing 17] It is a perspective view showing the details of an example of the 
portion of the brightness diaphragm of each example. 

[Drawing 1 8] It is a figure showing the details of another example of the portion of 
the brightness diaphragm of each example. 

[Drawing 1 9] It is a front perspective view showing the appearance of the digital 
camera incorporating the optical-path bending zoom optical system by this 
invention. 

[Drawing 20] It is a back perspective view of the digital camera of drawing 1 9 . 
[Drawing 21] It is a sectional view of the digital camera of drawing 19 . 
[Drawing 22] It is the front perspective view which constructed the optical-path 
bending zoom optical system by this invention as an objective optical systemand 
opened covering of the ****** personal computer. 

[Drawing 23] It is a sectional view of the photographing optical system of a 
personal computer. 



[Drawing 24] It is a side view of the state of drawing 22 . 

[Drawing 25] The optical-path bending zoom optical system by this invention is 

constructed as an objective optical systemand they are a front view of a ****** 

cellular phonea side viewand a sectional view of the photographing optical system. 

[Description of Notations] 

G1 — The 1st lens group 

G2 — The 2nd lens group 

G3 — The 3rd lens group 

G4 — The 4th lens group 

P — Optical-path bending prism 

S — Aperture diaphragm 

LF — Optical low pass filter 

CG — Cover glass 

I — Image surface 

E — Observer eyeball 
1A1B1C1D1E — Opening 

one — A — ' — one — B — ' — one — C — ' — one — D — ' — one — E — ' 
— an opening 
1 0 — Turret 
10 f — Turret 

I I — Axis of rotation 

40 — Digital camera 

41 — Photographing optical system 

42 — Optical path for photography 

43 — Finder optical system 

44 — Optical path for finders 

45 — Shutter 

46 — Flash plate 

47 — Liquid-crystal-display monitor 

49 — CCD 

50 — Cover member 

51 — Processing means 

52 — Recording device 

53 — Objective optical system for finders 
55 — Porro 

57 — Visual field frame 

59 — Eyepiece optical system 

112 — Object lens 

113 — Mirror frame 

114 — Cover glass 
160 — Imaging unit 

162 — Image sensor chip 

166 — Terminal 

300 — Personal computer 



301 — Keyboard 

302 — Monitor 

303 — Photographing optical system 

304 — Photographing optical path 

305 — Picture 

400 — Cellular phone 

401 — Microphone part 

402 — Loudspeaker part 

403 — Input dial 

404 — Monitor 

405 — Photographing optical system 

406 — Antenna 

407 — Photographing optical path 



